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Resumen
La incidencia de las infecciones fungicas ha seguido aumentando en los ùltimos ahos por 
lo que se han convertido en una de las principales causas de morbilidad y mortalidad en 
pacientes inmunocomprometidos. Los agentes etiolôgicos mas frecuentes siguen siendo 
Candida albicans y Aspergillus fumigatus, sin embargo, el nùmero de especies fùngicas 
capaces de causar infecciones invasoras ha aumentado considerablemente. Estas 
infecciones son mas dificiles de diagnosticar y tratar ya que estas especies emergentes 
son mas résistantes a los antifùngicos y por tanto estan asociadas con mayores tasas de 
mortalidad.
Este cambio en la epidemiologia unido al aumento en el nùmero de antifùngicos 
disponibles para tratar las infecciones y las diferencias de sensibilidad que presentan las 
distintas especies, subrayan la importancia de una correcta identificaciôn a nivel de 
especie. Las técnicas clàsicas para la identificaciôn de hongos filamentosos son lentas, 
dificiles y exigen de un gran conocimiento de la taxonomia, ya que se basan en la 
observaciôn de las caracteristicas morfolôgicas. Recientemente un grupo de expertes ha 
designado a las regiones ITSs del rDNA la técnica de elecciôn para la identificaciôn de los 
hongos patôgenos humanos. No hay que olvidar, que otra herramienta muy ùtil en el 
manejo de las infecciones causadas por hongos es el estudio de su perfil de sensibilidad a 
los antifùngicos disponibles.
El principal objetivo de este trabajo fue desarrollar herramientas de identificaciôn de los 
principales hongos patôgenos humanos y correlacionar esta identificaciôn con el perfil de 
sensibilidad a los antifùngicos disponibles para tratar dichas infecciones.
De los resultados obtenidos se puede concluir: (1) La secuenciaciôn de la regiôn ITS 
constituye un método preciso para la identificaciôn de los mucorales a nivel de especie y la 
clasificaciôn de cepas de Aspergillus, Fusarium y Scedosporium dentro de la secciôn a la 
que pertenecen, pero especialmente para la identificaciôn de una cepa a priori 
desconocida. La secuenciaciôn de genes codificantes aporta la suficiente variabilidad para 
llegar a nivel de especie en los géneros Aspergillus, Fusarium y Scedosporium. En el caso 
de Aspergillus y Scedosporium la identificaciôn a nivel de especie se consigue mediante la 
secuenciaciôn de la p tubulina, mientras que en el genero Fusarium la diana mas 
apropiada es una regiôn del factor de elongacion 1 a. (2) Con respecto a los perfiles de 
sensibilidad a los antifùngicos, los resultados derivados de la comparaciôn de los estudios 
de sensibilidad dentro de cada grupo de hongos estudiados permitiô concluir que la 
identificaciôn a nivel de especie en Aspergillus secciôn Fumigati permite la clasificaciôn de 
las especies de Aspergillus de esta secciôn dentro de cada uno de los perfiles de 
sensibilidad existantes. Por el contrario, las especies de Aspergillus secciôn Usti no 
presentan diferencias significativas en sus perfiles de sensibilidad, por lo que la 
identificaciôn a nivel de complejo de especies dentro de esta secciôn podria ser suficiente 
para dar el tratamiento mas correcte. El perfil de sensibilidad de Aspergillus secciôn Nigri, 
Fusarium spp. y mucorales es dependiente de cepa. Por tanto, se recomienda realizar los 
test de sensibilidad a las cepas implicadas en los infecciones probadas y probables. (3) 
Con los dates de esta tesis se ha desarrollado una base de dates de secuencias de ADN y 
sensibilidad a los antifùngicos que représenta una herramienta robusta y fiable. Esta base 
de dates tiene una aplicabilidad directa en las funciones que desempeha el Servicio de 
Micologia del Centro Nacional de Microbiologia, ya que se utiliza para la identificaciôn 
molecular mediante comparaciôn de secuencias. Ademàs en base a ella se han 
desarrollado sondas especificas de los principales hongos patôgenos humanos para el 
desarrollo de técnicas de PCR a tiempo real y microarrays de identificaciôn con el fin de 
faciliter el diagnôstico de las infecciones fùngicas.

Summary
Fungal infections have significantly increased in frequency and as causes of morbidity and 
mortality, especially among inmunocompromised hosts. Candida albicans and Aspergillus 
fumigatus remain the most frequent etiologic agents of these infections, however, novel 
organisms not previously associated with human infections are being reported as causative 
agents of infection. Infections caused by these emerging fungal pathogens are more difficult 
to diagnose and treat since they are frequently more resistant to available antifungal drugs. 
Consequently, they are associated with higher mortality rates.
The changing epidemiology, the higher number of antifungal agents available and the 
differences in susceptibility profiles, highlight the need of a proper identification to species 
level of the etiologic agent of the infection. Classically, the identification of fungi has been 
based in the recognition of morphological characteristics and therefore is a cumbersome 
and time consuming task. Few microbiologists are able to properly identify human 
pathogenic fungi because it requires a high level of classical mycological training. A group of 
experts have recently designated the ITSs regions of the rDNA as the standard locus for 
species identification. In addition to the species identification, the determination of the 
susceptibility profile is another useful tool that allows the proper management of fungal 
infections.
The main objective of this thesis was to develop molecular biology tools that allow the 
identificaciôn of the main mould fungal pathogens, and to correlate this identification with the 
antifungal susceptibility profile to the main antifungals.
From the results obtained, it can be concluded: 1) The ITS sequencing is a reliable method 
for the accurate identification of most medically important mucorales to species level and for 
identification of Aspergillus, Fusarium and Scedosporium isolates to the species complex 
level. But this technique has been especially useful for the identification of unknown strains. 
Protein coding genes should be used in Aspergillus, Fusarium and Scedosporium to identify 
species level. Thus 0-tubulin has enough variability to reach species level in Aspergillus 
spp. and Scedosporium spp., while in the Fusarium genus, the elongation factor 1-0 is the 
targeted locus for this purpose. (2) Concerning susceptibility profiles, in Aspergillus section 
Fumigati the identification to species level allows the classification of these species into one 
of the susceptibility profiles present. However, in Aspergillus section Usti, there are no 
significant differences, thus the identification to section level could be enough to suggest the 
proper treatment. The susceptibility profile in Aspergillus section Nigri, Fusarium spp. and 
mucorales is strain-dependent. For this reason, the determination of the susceptibility profile 
in these species is mandatory in any probable or proven infection. (3) The work presented in 
this thesis has allowed the creation of a DNA and susceptibility profile database of the main 
human fungal pathogens. It represents a robust and trustable tool that nowadays is used in 
the Mycology Reference Laboratory of the Spanish National Centre for Microbiology to 
identify the isolates from the hospitals by means of molecular biology methods. This 
database has also been used to design specific probes for the main human fungal 
pathogens to develop real time PCR protocols and a microarray platform which can be used 
for the diagnosis of fungal infections.
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1. liAjtroducciâi^

1. Introducciôn
1.1. Importancia infecciones fùngicas
La incidencia de las infecciones fùngicas ha seguido aumentando en los ùltimos anos por 
lo que se han convertido en una de las principales causas de morbilidad y mortalidad en 
pacientes inmunocomprometidos. Asî, desde 1980 los Institutos de Salud Americanos 
cifran en un 10% el aumento anual de las infecciones fùngicas^^^. Otros estudios, también 
realizados en EEUU entre 1979-2000, detectan un incremento del 207% en las sepsis 
causadas por hongos^^ ocupando en 1992 el séptimo lugar como causa de muerte debido 
a una enfermedad infecciosa. Todos estos datos indican un incremento superior al 300% 
desde 1980^ °®. En Europa, aunque los datos epidemiolôgicos a este respecto son muy 
escasos, el analisis de 8.124 necropsias de un hospital en Alemania, mostrô un aumento 
del 2,9% en muertes causadas por hongos entre principios de la década de los ochenta y 
principios de la década de los noventa'*^.
El aumento de la incidencia de la infecciôn fùngica, esta relacionado con la existencia de 
una mayor poblaciôn de pacientes con factores predisponentes. Entre ellos cabe destacar 
el trasplante de progenitores hematopoyéticos y de ôrgano sôlido, los nuevos 
quimioterapicos y la utilizaciôn de corticoïdes a altas dosis. Ademàs, hay otros factores de 
riesgo que contribuyen a este aumento de incidencia como son el ingreso en unidades de 
cuidados intensives y algunas intervenciones quirùrgicas^^^. Por ùltimo, a este aumento 
de la poblaciôn de riesgo también contribuye el desarrollo cientifico y tecnolôgico de la 
medicina que ofrece alternatives a pacientes con edades avanzadas y con procesos que 
antes carecian de tratamiento. Ademàs, la mortalidad asociada a las infecciones fùngicas 
es muy elevada, aunque està condicionada por el tipo de enfermedad y el perfil del 
huésped. En general, para la candidemia es airededor del 40%, y para la aspergilosis 
invasora del 85%^ ® ®®.
Actualmente, se han descrito 72.000 especies de hongos, frente a las 4.000 especies 
aceptadas de bacterias y virus. No obstante, se sospecha que existen al menos 
1.500.000 especies fùngicas®'*. Anualmente se catalogan 1.700 hongos nuevos en el 
Index of Fungi, de los cuales al menos 20 son patôgenos humanos. Esto significa, que en 
una década se describen 200 nuevos hongos capaces de causar infecciones en 
humanos. Por lo tanto, aunque los agentes etiolôgicos màs frecuentes siguen siendo 
Candida albicans y Aspergillus fumigatus, el nùmero de especies capaces de causar 
infecciones invasoras ha aumentado considerablemente. Asi, en los ùltimos anos han 
entrando en escena otras especies de Candida (no albicans), de Aspergillus (no
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fumigatus), y otros géneros como Rhodotoruia, Trichosporon, Fusarium, Scedosporium y 
mucorales. Las infecciones debidas a estos hongos son mas dificiles de diagnosticar y 
estan asociadas con una mayor tasa de mortalidad ya que en general son més 
résistantes a los antifùngicos*^®.
1.2. Importancia de la identificaciôn a nivel de especie
La identificaciôn de los hongos a nivel de especie se ha hecho necesaria por mùltiples 
razones: (i) el aumento del nùmero de especies capaces de causar infecciones, (ii) la 
ampliaciôn de las opciones terapéuticas debido a la apariciôn de nuevos antifùngicos y 
(iii) los diferentes perfiles de sensibilidad a los mismos. Asî, Trichosporon asahii es 
resistente a la anfotericina B**®, que es el tratamiento de elecciôn para las infecciones 
causadas por mucorales que son resistentes al voriconazol, siendo este ùltimo, en 
cambio, el fârmaco de elecciôn para la aspergilosis'*. Estas diferencias también se 
encuentran en especies del mismo género, por ejemplo voriconazol y ravuconazol son 
activos frente a Paeciiomyces lilacinus pero tienen baja actividad frente a Paecilomyces 
variotHpue por el contrario es sensible a la anfotericina B, itraconazol y equinocandinas*^.
1.2.1. Identificaciôn morfolôgica frente a identificaciôn molecular
Clàsicamente, la identificaciôn al nivel de especie de los hongos se ha realizado mediante 
el estudio de sus caracteristicas morfolôgicas y fenotipicas (pruebas bioquimicas, 
crecimiento a diversas temperaturas, etc.). Sin embargo, mientras que la identificaciôn de 
una bacteria se hace en menos de 24 horas, la identificaciôn de un hongo, puede 
demorarse dias, semanas o meses. La identificaciôn de las levaduras es similar a la que 
se utiliza con las bacterias empleando kits comerciales basados en la asimilaciôn de 
diversas fuentes de carbono y nitrôgeno. Por el contrario, la identificaciôn de los hongos 
filamentosos se basa en la observaciôn microscôpica de los aislamientos, examinando 
estructuras como el tipo de talo, su morfologla, la forma de las células conidiôgenas y las 
conidias, asî como las estructuras de reproducciôn sexual^^. Todo ello, exige una gran 
formaciôn y experiencia en el campo, ademàs de la utilizaciôn de medios de cultivo 
especiales y tiempos prolongados de incubaciôn. Aun asî, en aquellas ocasiones en las 
que no se consigue la esporulaciôn en cultivo, la identificaciôn morfolôgica no es posible. 
Todo esto ha llevado a la bùsqueda de alternatives màs ràpidas, fàciles y fiables. Entre 
todas ellas, la secuenciaciôn de fragmentes informativos ha sido elegida como técnica de 
referencia ya que es objetiva y los datos obtenidos por cualquier laboratorio del mundo 
pueden ser intercambiados y utilizados por otros grupos. Su use ha puesto al descubierto 
que existen especies cripticas dentro de grupos morfolôgicamente homogéneos que 
ademàs tienen diferente perfil de sensibilidad a los antifùngicos.
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El éxito de una correcte identificaciôn por métodos moleculares mediante comparaciôn de 
secuencias, se basa principalmente en la elecciôn del marcador adecuado que debe 
tener las siguientes caracteristicas: (i) que sea le suficientemente variable para diferenciar 
entre las especies del génère, pero le suficientemente conservado para que las 
secuencias se puedan alinear con alguno de les programas disponibles; (ii) que se pueda 
amplificar con iniciadores universales (iii) que tenga un tamano que permita una fàcil 
amplificaciôn y secuenciaciôn.
El gen que codifica la citocromo C oxidasa es universalmente aceptado como gen de 
referenda para la identificaciôn de las especies del reino animal. Sin embargo, en los 
hongos este gen evoluciona muy lentamente no permitiendo la distinciôn entre especies, 
por lo que se han buscado otros marcadores. Asi, la region que codifica el RNA 
ribosômico (rRNA), es una familia de genes multicopia dispuestos en tandem. Cada copia 
tiene regiones codificantes 18S, 5,8S y 26S separadas por regiones no codificantes 
denominadas ITS (Internal transcribed spacer). Entre cada copia se encuentran las 
regiones IGS1 e IGS2 (Inter genic spacer) separadas por el gen que codifica el rRNA 58 
(Figura 1). De todas ellas, la region ITS es la que cumple un mayor numéro de requisites 
para ser utilizada universalmente en la identificaciôn de hongos; (i) consta de dos 
regiones, ITS1 e ITS2, suficientemente variables para identificar a nivel de especie, 
separadas por el gen que codifica el rRNA 5,8S, regiôn conservada que a su vez facilita 
el alineamiento de las secuencias, (ii) existen parejas de cebadores universales 
denominados ITS1 e ITS4 (Figura 1) que amplifican dicho fragmento "^*" ,^ (iii) el tamano del 
fragmente amplificado con estos iniciadores, tiene normalmente entre 400 y 800 pares de 
bases lo que permite ser amplificado y secuenciado de forma facil y râpida. Ademàs, la 
repeticiôn en tandem de esta zona facilita su amplificaciôn cuando hay poca cantidad de 
ADN. Por estas razones, recientemente un grupo de expertes ha acordado que la 
secuenciaciôn de esta regiôn del ADN nuclear (ITS1-5,8S-ITS2) sea la técnica de 
referenda para la identificaciôn de las especies de hongos patôgenos humanos^.
Para conseguir una correcta identificaciôn molecular, se necesita ademas una base de 
dates de secuencias que deberla cumplir los siguientes requisites: (i) que la identificaciôn 
a través de la comparaciôn de la secuencia se realice de forma sencilla e inequivoca 
mediante herramientas universalmente aceptadas, (ii) que cubra lo mas ampliamente 
posible la variabilidad taxonômica del grupo con el que se compara la secuencia 
problema, (iii) y por ultime que las secuencias estén correctamente identificadas y 
anotadas. Actualmente, las bases de dates mas utilizadas para la identificaciôn molecular 
mediante comparaciôn de secuencias son GenBank del NCBI (National Center for 
Biotechnology Information en EE.UU. http://www.ncbi.nlm.nih.aov/Genbank/index.htmh.
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EMBL-Bank (European Molecular Biology Laboratory http://www.ebi.ac.uk/embl/) y DDBJ 
(DNA Data Bank of Japan http://www.ddbi.nia.ac.ip/index-e.html). Estas bases de datos 
son pùblicas, de acceso libre y estàn conectadas por lo que comparten la informaciôn 
depositada. En el caso de los hongos, las secuencias disponibles représentan 
escasamente el 1 % de las especies existentes y ademàs, se ha estimado que cerca de 
un 20% estàn mal ident i f icadas^Existe un problema anadido, ya que muchas especies 
tienen dos nombres, uno indicative de su estado asexual (anamorfo) y otro de su estado 
sexual (teleomorfo) que es el que aparece preferentemente en las bases de datos 
mencionadas. Sin embargo, en la micologia médica este hecho genera bastante 
confusion, ya que el teleomorfo raramente se produce en cultive o lo hace tan lentamente 
que no es util desde el punto de vista pràctico y habitualmente se denomina a los hongos 
por su anamorfo. Asimismo, la aplicaciôn de las herramientas moleculares està dejando 
obsolètes numerosos nombres de especies pero estos cambios taxonômicos no siempre 
son actualizados en las bases de datos. Por tante, para poder llegar a una correcta 
identificaciôn hay que desarrollar bases de datos depuradas, robustas y fiables que 
contengan secuencias tipo o cepas de referencia de los organismes a analizar.
//■
26$
ITS-I ITS-II •**■4 IGS1
ITSs IGSs
Figura 1. Representaciôn esquemàtica del DNA que codifica el RNA ribosomal.
1.3. Principales grupos de hongos filamentosos patôgenos 
humanos
Como se ha senalado anteriormente, la identificaciôn de los hongos filamentosos 
présenta mayores problemas que la de las levaduras debido a que està basada en la 
experiencia del observador. Ademàs, estos hongos estàn asociados con mayores tasas 
de mortalidad. AsI, en 1992 el anàlisis de las necropsias de un hospital terciario concluyô 
que la causa de muerte del 7% de los enfermos habia sido una infecciôn fùngica causada 
en el 70% por hongos filamentosos y en el 30% por Candida spp.^\ Por estas razones
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este grupo de hongos es el que se ha sometido a estudio. A continuaciôn descri ben los 
principales grupos de hongos filamentosos patôgenos humanos.
1.3.1. Aspergillus
Aspergillus es un hongo ubicuo que puede causar desde alergias a infecciones 
diseminadas en pacientes inmunodeprimidos. El género incluye unas 175 especies, de 
las que mas de 20 causan infecciones en con una tasa
de mortalidad asociada del 80 al teleomorfos de Aspergillus se
encuentran distribuidos en varies géneros: Neosartorya, Petromyces, Eurotium, 
Emericella, Fennelia, etc.
A. fumigatus es la especie màs frecuentemente asociada a las aspergilosis invasora. 
Durante los anos 90 fue responsable del 90% de los casos de infecciones por hongos 
filamentosos^ '^^®. Sin embargo, un estudio multicéntrico realizado entre los anos 2001 y 
2006 que analizô la infecciôn fùngica invasora causada por hongos filamentosos en 
pacientes trasplantados de progenitores hematopoyéticos u ôrgano sôlido ha demostrado 
un cambio en la epidemiologia de las infecciones por Aspergillus. Asi sôlo un 67,4% de 
los aislados eran A. fumigatus, mientras que el 29% correspondieron a Aspergillus flavus, 
el 8,7 % Aspergillus niger y el 7,4% Aspergillus terreus^. El incremento en el numéro de 
infecciones causadas por A. terreus es de especial importancia, debido a su menor 
sensibilidad a la anfotericina y a su potencial para causar infecciones pulmonares
invasivas en pacientes inmunodeprimidos. Badiey et al.® encontraron un aumento del 
2,1% en 1996 a 10,2% en 2001 y Balajee et al.® confirman una incidencia del 7,4% en 
pacientes trasplantados entre 2001 y 2006. Ademàs, mediante la aplicaciôn de técnicas 
moleculares se han descrito especies cripticas en varias secciones de este género®®^ \^ 
siendo algunas de ellas como Aspergillus ustus o Aspergillus lentulus màs résistantes a 
los antifùngicos disponibles®®®. Recientemente, Balajee et al.® han identificado mediante 
herramientas moleculares 218 aislados procédantes de pacientes con aspergilosis 
invasora, encontrando que màs de un 10% de las cepas eran especies cripticas de 
Aspergillus, lo que pone de manifiesto la importancia de la correcta identificaciôn de las 
especies de este género.
1.3.2. Fusarium
Las especies del género Fusarium son frecuentes patôgenos de plantas, sin embargo, en 
los ùltimos anos ha aumentado mucho el numéro de infecciones causadas por especies 
de este género en humanos. Estas infecciones presentan unas tasas de mortalidad muy 
elevadas^®’®®, llegando a superar el 75%®°. Fusarium solani y Fusarium oxysporum son las
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especies màs prépondérantes aunque las infecciones causadas por otras especies son 
cada vez màs frecuentes'*^ Su identificaciôn a nivel de especie se basa en las 
caracteristicas microscôpicas de las macroconidias, pero las cepas aisladas de muestras 
clinicas no suelen producir dichas estructuras, por lo que su identificaciôn es muy 
dificiP"*’^ .^ Las especies del género Fusarium son resistentes in vitro a la mayoria de los 
antifùngicos disponibles. Algunos datos apuntan que esta resistencia puede ser 
dependiente de especie o incluse de la cepa^ .^
1.3.3. Mucorales
Los hongos del orden mucorales causan infecciones graves, de ràpida evoluciôn y 
frecuentemente fulminantes en pacientes inmunodeprimidos. Las especies màs 
frecuentes pertenecen al género Rhizopus, aunque otras especies de los géneros: Mucor, 
Rhizomucor, Lichtheimia (syn. Mycocladus, Absidia pp), Apophysomyces, Saksenaea, 
Cunninghamella, Cokeromyces y Syncephalastrum también producen infecciones en 
humanos^*®. La mayoria de las infecciones ocurren en inmunodeprimidos, pero también 
se han descrito casos en pacientes sin factores de riesgo conocidos**® **®. El mayor 
aumento de casos se ha registrado en pacientes hematolôgicos®®^® algunos 
autores lo han asociado a la introducciôn de voriconazol como tratamiento de elecciôn de 
la aspergilosis invasora y como profilaxis en pacientes inmunodeprimidos®®®®^® *^ ®. Sin 
embargo, es posible que este incremento se deba también al aumento de la poblaciôn de 
riesgo y a una mejora en las herramientas de diagnôstico. Marr et al.^ ® detectaron que en 
el quinquenio 1995-1999 la incidencia de infecciones causadas por hongos mucorales fue 
el doble que la del quinquenio 1985-1989. La identificaciôn morfolôgica de los mucorales 
es, como en el resto de los hongos miceliales, una tarea complicada que exige un gran 
nivel de conocimiento de la taxonomia. Ademàs, no son infrecuentes los aislados que no 
esporulan en cultivo y que por tanto, no pueden identificarse mediante sus caracteristicas 
morfolôgicas. En estos casos, para identificar la cepa es imprescindible el uso de 
herramientas moleculares.
1.3.4. Scedosporium
En los ùltimos anos el nùmero de infecciones causadas por las especies del género 
Scedosporium ha aumentado considerablemente por lo que es considerado un hongo 
emergente^*'^®’*®®'*"*^ . Las especies con mayor relevancia clfnica son Scedosporium 
apiospermum (y su teleomorfo Pseudallescheria boydii) y Scedosporium proiificans que 
producen una gran variedad de infecciones, desde cutàneas y subcutàneas a 
diseminadas en individuos inmunodeprimidos. El tratamiento es diffcil ya que se trata de
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hongos multiresistentes, sobretodo S. proiificans, donde las tasas de mortalidad alcanzan 
el 87,5%**®. La aplicaciôn de técnicas moleculares ha demostrado que P. boydii es un 
complejo de especies y ha permitido la descripciôn de algunas especies nuevas como 
Scedosporium aurantiacum y Scedosporium dehoogii^ '^^^.
1.4. Antifùngicos
En los ùltimos anos ha incrementado mucho el nùmero de fârmacos disponibles para 
tratar las infecciones fùngicas. Las especies de hongos capaces de causar infecciones en 
el hombre, tienen diferentes perfiles de sensibilidad a los antifùngicos. Por tanto, la 
identificaciôn de las especies y la determinaciôn del perfil de sensibilidad de las mismas 
se hace imprescindible para elegir la mejor opciôn terapéutica. En este apartado se van a 
resumir los antifùngicos que se utilizan actualmente para tratar las infecciones humanas 
causadas por hongos filamentosos.
1.4.1. Polienos
Los polienos actùan a nivel de la membrana plasmatica del hongo uniéndose al ergosterol 
(Figura 2) y produciendo alteraciones de la permeabilidad con pérdida de contenido 
citoplasmâtico y muerte de la célula (efecto fungicida). Aunque existen varios antifùngicos 
poliénicos, como la nistatina y la natamicina, el mas utilizado es la anfotericina B.
Anfotericina B
Durante mas de cuarenta anos la anfotericina B ha sido el principal y casi ùnico 
antifùngico para tratar las infecciones fùngicas®® *®®. Tiene un espectro de actividad muy 
amplio y los casos de resistencia son poco frecuentes, aunque es bien conocida su baja 
actividad frente a algunos hongos como A. terreus*®® *'^ ®, P. lilacinus^^ o las especies del 
género Scedosporium^^^°. Su principal inconveniente son sus efectos secundarios entre 
los que destaca una elevada nefrotoxicidad*^. Con el fin de reducir los efectos adversos 
se han desarrollado nuevas formulaciones asociadas a complejos lipidicos. Asi 
aparecieron la anfotericina B liposomal, la anfotericina B de dispersiôn coloidal y la 
anfotericina B complejo lipfdico. Estas nuevas formulaciones poseen una eficacia similar 
pero tienen menor toxicidad. Sin embargo, su utilizaciôn clfnica ha tenido poco impacto en 
prolonger la supervivencia del paciente®® ®^ ^^ .
1.4.2. Azoles
La apariciôn de los imidazoles y posteriormente los triazoles supuso un avance en el 
tratamiento de las micosis. Estos antifùngicos actùan a nivel de la membrana plasmatica
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inhibiendo la smtesis del ergosterol (Figura 2). Los primeros azoles (imidazoles) resultan 
también tôxicos para las células animales, pero el desarrollo de los triazoles disminuyô 
este problema.
1.4.2.1. Fluconazol
La apariciôn del fluconazol en los anos 90 supuso un gran avance en la terapia 
antifûngica. Es active frente a las especies de Candida y Cryptococcus neoformans, 
siendo un efectivo tratamiento de primera linea en las candidosis orofarlngeas y 
esofâgicas y para la candidemia^®. Sin embargo, su espectro de acciôn es limitado ya que 
es inactive frente a la mayoria de los hongos filamentosos y algunas levaduras como 
Candida kruseiy Candida g/abrafa "^* *®® *®^.
1.4.2.2. Itraconazol
El espectro de actividad del itraconazol es màs amplio que el del fluconazol, siendo active 
frente a levaduras y algunos hongos filamentosos, incluyendo especies del género 
Aspergillus. Es util en la terapia empirica y tratamiento de la candidosis asi como las 
infecciones leves o moderadas de hongos filamentosos. Sin embargo présenta problemas 
de absorciôn*®®, no es active frente a los principales patôgenos emergentes como 
Fusarium, Scedosporium o mucorales, y algunas especies de Aspergillus presentan 
resistencia*'*®'^ .^
1.4.2.3. Voriconazol
El voriconazol es un azol de segunda generaciôn cuya estructura quimica dériva de la del 
fluconazol*^"*. En la actualidad constituye el tratamiento de elecciôn para la aspergilosis 
invasora®®. Su espectro de actividad es amplio, ademàs de ser activo frente a Aspergillus, 
también lo es frente a cepas de Candida resistentes al fluconazol y algunas especies de 
los géneros Scedosporium y Fusar/um'*®®®. No tiene actividad frente a los mucorales, 
siendo varios los autores que han descrito infecciones de brecha por mucorales en 
pacientes en profilaxis con este antifùngico^® *®® *®®.
1.4.2.4. Posaconazol
El posaconazol pertenece también a la segunda generaciôn de triazoles, y su estructura 
es similar a la del itraconazol*^®. Ha sido aprobado para la profilaxis de las infecciones 
fùngicas invasoras y el tratamiento de la candidosis orofaringea en pacientes con SIDA. 
En Europa, ademàs ha sido aprobado para el tratamiento de aspergilosis, fusariosis, 
cromoblastomicosis y coccidioidomicosis refractarias al tratamiento con anfotericina o 
itraconazol*^ '^*^®. Es activo frente a todos los hongos que cubren el resto de los triazoles
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incluyendo las cepas resistentes*^®. Tiene mayor actividad in vitro, que la anfotericina B y 
el voriconazol frente a las especies de Aspergillus^ '^^^°. A diferencia del voriconazol es 
activo frente a los mucorales, aunque no tan activo como la anfotericina g"*,26,46,123 
obstante, solo esta disponible en formulaciôn oral, lo que dificulta su uso en determinados 
grupos de pacientes.
1.4.3. Alilaminas
Terbinafina
La terbinafina pertenece a la familia de las alilaminas e interfiere en una de las primeras 
etapas en la via de sintesis del ergosterol, haciendo que se acumule en la célula el 
escualeno lo que conlleva a la ruptura de la membrana y a la muerte celular. Se usa en el 
tratamiento de las infecciones de unas y piel, siendo el tratamiento de elecciôn en las 
onicomicosis. También se ha utilizado en terapia combinada con triazoles para tratar las 
infecciones causadas por Scedospor/um®*
1.4.4. Equinocandinas
Las equinocandinas son una familia de antifùngicos que actùan a nivel de la pared celular 
del hongo, inhibiendo la sintesis del 1,3-p-D-glucano (Figura 2) y produciendo cambios 
osmôticos que llevan a la lisis celular. Las células humanas no poseen glucano, por lo 
que la toxicidad es menor que con otros grupos de antifùngicos*® ®"* ®"*. La proporciôn de (3- 
D-1,3 glucano en la pared celular de los hongos varia mucho entre las distintas especies, 
siendo mas abondante en Candida y Aspergillus, y estando ausente en los mucorales. 
Por esta razôn, las equinocandinas, tienen actividad fungicida frente a la mayoria de las 
especies de Candida y sin embargo, es fungistàtica frente a Aspergillus. La actividad es 
muy limitada frente a Fusarium, Trichosporon, Cryptococcus neoformans y mucorales*^^. 
Dentro de esta familia hay très antifùngicos disponibles: caspofungina, micafungina y 
anidulafungina.
1.4.4.I. Caspofungina
La caspofungina esta aprobada para el tratamiento de la candidosis orofaringea, 
esofàgica y diseminada, asi como para el tratamiento de rescate de la aspergilosis 
invasora®®'®"*'^ .^ Es igual de efectiva que la anfotericina B convencional en el tratamiento 
de las candidosis pero con menor toxicidad®®. Podria ser ùtil como terapia combinada, 
incluso para el tratamiento de la mucormicosis, ya que ha demostrado potenciar la 
actividad de la anfotericina B en el tratamiento de estas infecciones®^ *** *^ ®.
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1.4.4.2. Micafungina
La micafungina fue aprobada por la PDA (Food and Drug Administration en EE.UU.) en 
2005 y por la EMEA (European Medicines Agency en la Union Europea) en 2008. Esta 
indicada para el tratamiento de la candidosis esofàgica y la profilaxis en pacientes 
receptores de trasplante de progenitores hematopoyéticos. Aunque no està aprobada 
para el tratamiento de la aspergilosis cada vez hay màs datos que apoyan su posible 
efectividad en el manejo de dichas infecciones®^®®. Estudios recientes sugieren su posible 
utilidad en terapias combinadas con otros antifùngicos®^ ®^ lo que aporta una opciôn màs 
en infecciones refractarias al tratamiento de primera linea.
1.4.4.3. Anidulafungina
La anidulafungina ha sido aprobada por la PDA y por la EMEA para el tratamiento de la 
candidemia en enfermos no neutropénicos, la candidosis esofàgica, abscesos 
intrabdominales y peritonitis. Es la equinocandina que présenta mayor actividad in vitro 
frente a las especies de Cand/da,®® *®®. Al igual que las otras dos equinocandinas tiene un 
efecto fungistàtico frente a A s p e r g i l l Cabe destacar su buena tolerancia, la ausencia 
de interacciones farmacolôgicas, y que no es necesario el ajuste de dosis en pacientes 
con insuficiencia hepàtica o renal®®. Por ahora no se ha descrito el desarrollo de 
resistencias secundarias mientras que si se han dado casos en caspofungina y 
micafungina®'®®’*"*®
1,3-j3-D-glucano sintasa
Eauinocandinas /  1
Anfotericina p  '
Azoes
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Figura 2: Mécanisme de acciôn de los antifùngicos
1.5. Hipôtesis de trabajo
La hipôtesis de partida de este trabajo se basa en la necesidad de desarrollar 
herramientas de identificaciôn de los principales hongos patôgenos humanos y 
correlacionar esta identificaciôn con el perfil de sensibilidad a los antifùngicos disponibles 
para tratar dichas infecciones.
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2. Objetivos
Primero: Analizar la utilidad de la identificaciôn molecular mediante secuenciaciôn de los 
ITSs y el anàlisis del perfil de sensibilidad a los antifùngicos de los siguientes grupos de 
hongos patôgenos humanos:
• Aspergillus:
o secciôn Fumigati
o secciôn Nigh
o secciôn Usti
• Fusarium spp.
• Mucorales
• Scedosporium spp.
Segundo: Analizar la taxonomia y los limites de especie en el género Lichtheimia.
• Estudios fenotlpicos: morfologla, crecimiento a diversas temperatures, test de 
apareamiento.
• Estudio genotlpico: secuenciaciôn de distintos loci.
Tercero: Desarrollar una base de datos de secuencias de ADN y de sensibilidad a los 
antifùngicos de los principales hongos patôgenos humanos, con cepas correctamente 
identificadas, que permita obtener una identificaciôn ràpida y fiable y que ayude a définir el 
tratamiento màs adecuado.
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Objectives
First: To evaluate the usefulness of molecular identification by means of ITS sequencing 
for the main human mould pathogens:
• Aspergillus
o section Fumigati
o section Nigh
o section Usti
• Fusarium spp.
• Mucorales
• Scedosporium spp.
Second: To evaluate species limits and the taxonomy of genus Lichtheimia.
• Phenotypic studies: morphology, growth kinetics and mating test
• Molecular study: sequencing of several loci
Third: To develop DNA and susceptibility profile database of the main human fungal 
pathogens with correctly identified strains, which allow a fast, accurate and trustable 
identification together with the most adequate treatment.
- 17 -
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3.1 .Aspergillus spp.
3.1.1.In vitro activity of nine antifungal agents against clinical isolates of 
Aspergillus calidoustus.
Medical Mycology 2009 Mar 18; 1-7
ZA.2.Aspergillus Section Fumigati: Antifungal Susceptibility Patterns 
and Sequence-Based Identification.
Antimicrobial Agents and Chemotherapy, Apr. 2008, p. 1244-1251 Vol. 52, No. 4.
3.2.3 Specie identification and Antifungal Susceptibility Patterns of 
Species Belonging to Aspergillus section Nigh
Antimicrobial Agents and Chemotherapy 2009 Oct;53(10):4514-7.
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3.1.1. Aspergillus secciôn Usti
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In vitro activity of nine antifungal agents against clinical 
isolates of Aspergillus calidoustus
ANA AtASmUEYIZQUERDO^, ISABEL CUESTA+, jOS HOUBRAKENf, MANUEL CUENC/vESTRELLA*
ARAŒLI M O NZON* & jUAN L  RODRIGUEZ-TUDELA*
*Semcto dc Mtcoiog^ a, Ccftro Nadoaui dc Microbioiagia, hstiii/to dc Sdlud CaWos H  Mfeyad^onda. Madrid, ^paip. and 
fCSS Fuqgal Stbdiversi^  Centne. LArtX-ht The Ncthtari^-ds
Resumen: Se estudiaron 9 aislados de Aspergillus pertenecientes a la coleccion del 
Centro Nacional de Microbiologia, que fueron identificados morfologicamente como 
miembros de la secciôn Usti. Las cepas fueron identificadas mediante la secuenciaciôn de 
la regiôn ITS y parte del gen que codifica la (3 tubulina. Se identificaron un Aspergillus 
pseudodeflectus y ocho Aspergillus calidoustus. Los antifùngicos màs activos frente a 
estas especies fueron terbinafina y las equinocandinas, micafungina y anidulafungina.
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In vitro activity of nine antifungal agents against clinical 
isolates of Aspergillus calidoustus
ANA ALASTRUEY-IZQUIERDO*, ISABEL CUESTA». JOS HOUBRAKENf. MANUEL CUENCA-ESTRELLA*.
ARACELi MONZÔN* & JUAN L. RODRIGUEZ-TUDELA*
*Servkio de Micobgia, Centro Nacbnal de Microbiohgia, Instituto de SahxS Carias III, Majadahonda, Madrid, Spain, and 
tCSS Fungal Biodiversity Centre, Utrecht, The Netherlands
This study analyzes Aspergillus isolates from the Spanish National Centre for 
Microbiology collection, which were identified morphologically as members of 
Aspergillus section Usti. Strains were identified through the analysis of the Internal 
Transcribed Spacer regions and partial P tubulin gene sequences. One Aspergillus 
pseudodeflectus isolate and eight Aspergillus calidoustus isolates were detected in 
this panel of clinical strains. Terbinafine and the echinocandins micafungin and 
anidulafungin, were the drugs most active against these species.
Keywords Aspergillus calidoustus  ^antifungal susceptibility profile, beta tuWin
Introduction
Aspergillus section Usti has recently been reviewed on 
the basis of chemical, molecular and morphological data 
[1,2]. Aspergillus insuetus, which had been synonymized 
with Aspergillus ustus [3], has been revived and is 
currently a valid species. In addition, two new species 
have been described in the section Usti, i.e., Aspergillus 
keveii and Aspergillus calidoustus. Presently, Aspergillus 
section Usti includes the following species: Aspergillus 
ustus, Aspergillus puniceus, Aspergillus granulosus, 
Aspergillus pseudodeflectus, Aspergillus calidoustus, 
Aspergillus insuetus, Aspergillus keveii and Emericella 
heterothallica.
During recent years there have been several reports 
on the clinical importance of A. ustus. Twenty-four 
cases have been reported in the literature since 1971, 
half of them in the last three years [4-7]. Infections due 
to A. ustus have been associated with high mortality 
rates, and examination of its in vitro antifungal 
susceptibility profile reveals high MIC (minimum 
inhibitory concentration) values for many drugs
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2 February 2009; Accepted 6 February 2009 
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[1,2,5,8-10]. Recently, Houbraken et al. [1,2] proposed 
in their taxonomic review of this section that several 
strains, previously identified as A. ustus, should be 
renamed as A. calidoustus.
The internal transcribed spacers (ITS) of the rDNA 
and a part of the tubulin gene (BenA) were sequenced 
for all AspergUhts isolates from our collection which 
were morphologically identified as a member of section 
Usti. In addition, in vitro antifungal susceptibility 
testing was performed by means of EUCAST mold 
methodology [15] to assess their susceptibility profiles.
Material and methods
Strains
Nine strains were analyzed in this investigation, all held 
at the Mould Collection of the Spanish National 
Centre for Microbiology (CNM-CM) and previously 
identified by morphological means as Aspergillus ustus. 
All were obtained from clinical samples, i.e., seven from 
respiratory sites, one from a vascular biopsy of an 
aneurysm and one from cerebrospinal fluid. Each 
isolate was recovered from a different patient and 
sent to the Spanish Mycology Reference Laboratory 
for identification and susceptibility testing. Strains were 
labelled as CNM-CM (Spanish National Centre for 
Microbiology-moulds culture collection), together with 
a unique identification number. Three strains were 
acquired from the culture collection of the CBS-Fungal
DO!: 10.1080/13693780902803040
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Biodiversity Centre, i.e., two A. ustus strains, CNM- 
CM4036 (CBS 113233) of unknown origin and CNM- 
CM4037 (CBS 239.90) from a brain abscess and one A. 
pseudodeflectus strain CNM-CM5302 (CBS 756.74) of 
environmental origin.
Motpholc^cal identificstion
The strains were subcultured on different agar media to 
ascertain their macroscopic and microscopic morphol­
ogy. The media iwluded malt extract agar (MEA, 2% 
malt extract, Oxoid SA., Madrid, Spain) and Czapek- 
Dox Agar (Soria Melgizo SA., Madrid, Spain, Difco 
0339-01-1). Cultures were incubated at 30®C and 37“C.
Bio-Rad Laboratories, Madrid, Spain) after staining 
with ethidium bromide (Sigma-Aldrich Quimrca).
The sequencing reactions were undertaken as de­
scribed previously [14], with 2 pi of reaction mixture 
from a sequencmg kit (BigDye terminator cycle sequen­
cing kit. Ready Reaction mixture; Applied Biosystems), 
1 pM of the primers, and 3 pi of the PCR product in 
a final volume of 10 pi. The primers used for sequen­
cing were ITSl and ITS4 for the ITS region and 
ptubl (AATTGGTGCCGCnrCTGG) and ptub4 
(5'-AGCGTCCATGGTACCAGG-30 [13] for the P- 
tubulin gene Sequences were assembled and edited 
using the SeqMan U and EditSeq software packages 
(Lasergene: DNAstar, Inc., Madison, Wisconsin, USA).
PCR and DNA sequencing o f ITS region
Moulds were cultured in GYEP medium (0.3% yeast 
extract, 1% peptone, Difco, Soria Melguizo S.A) with 
2% glucose (Sigma-Aldrich Quimica, Madrid, Spain), 
for 24 48 h at 30®C. Genomic DNA was isolated using 
an extraction procedure previously described [11].
DNA segments conq>rising the ITSl and ITS2 
regions were amplified with primer set ITSl (5'- 
TCCGTAGGTGAACCTGCGG-30 and ITS4 (5'- 
TCCTCCGCTTATTGATATGC-30 [12]. Partial se­
quence of the p-tubuUn gene was amplified using 
primer set ptub3 (5'-TTCACCTTCAGACCGGT-30 
and ptub2 (5-AGTTGTCGGGACGGAATAG-33 
[13]. All primers were synthesized by Sigma Genosys 
(Madrid, Spain). The reaction mixtures for ITS ampli­
fication contained 0.5 pM of each primer; 0.2 mM of 
each deoxynucleoside triphoqihate (Applied Biosys­
tems, Madrid, Spain); 5 pi of PCR 10 x buffer (Applied 
Biosystems); 15 U Tag DNA polymerase (Aj^lied 
Biosystems); and 25 ng of gmomic DNA in a final 
volume of 50 pi. For the portion of p tubulin, PCRs 
were run with a volume of 50 pi containing 1 pM of 
each primer; 250 pM of each deoxynucleoside tripho­
sphate (Api i^ed Biosystems); 1 x PCR buffer (Apjdksd 
Biosystcms); 2 mM MgClg (Aj^lied Bio^stems); 2.5 U 
of Ttog DNA polymerase (Applied Biosystems); and 25 
ng of genomic DNA. Amplification was performed in a 
thermal cycler (GeneAmp PCR system 9 700; Applied 
Biosystems) uang the following cycling parameters: for 
ITS one initial cycle of 2 min at 94®C, followed by 35 
cyclw of 30 s at 94®C, 45 s at 56X, and 2 min at 72®C, 
with one final cycle of 5 min at 72°C; for p tubulin 1 
cycle of 5 min at 94“C and then 30 cycles of 30 s at 
94®C, 45 s at 55°C, and 1 2 min at 72*C, followed 
by 1 final cycle of 10 min at 72°C. The PCR products 
were analyzed by electrophoresis on 0.8% agarose gels 
and visualized by transillummation (Gel Doc 2000;
identification and phyhgenetk analysis
Identifications were based on comparisons of the 
sequences with ITS and p tubulin sequoices of Asper­
gillus section Usti strains obtained from the GenBank 
database. The phylogenetic analyses were conducted 
with InfoQuest FP software, version 4.50 (BIORAD 
Laboratories, Madrid, Spain). The methodology used 
was maximum parsimony clustering. Phylogram stabi­
lity was assessed by parsimony bootstrappmg with 2000 
simulations. Asper^hts fumigatus CNM-CM237 was 
used as an outgroup to root the phylograms.
GenBank accession numbers
Following are the GenBank accession numbers for P 
tubulin fragment sequence from the strains included in 
this work: CBS121601 FJ624456; CNM-CM2105 
FJ624457; CNM-CM2272 FJ624458; CNM-CM237 
FJ624459; CNM-CM2475 FJ624460; CNM-CM3788 
FJ624461; CNM-CM3927 FJ624462; CNM-CM4036 
FJ624463; CNM-CM4037 FJ624464; CNM-CM4115 
FJ624465; CNM-CM4212 FJ624466; CNM-CM5070 
FJ624467
Antifungal susceptibMy testing
Microdilution testing was performed following the 
EUCAST standard methodology [15 18]. AspergUhts 
fumigatus ATCC 2004305 and Aspergillus flavus ATCC 
2004304 were used as quality control strains [19].
The following antifungal agents were tested: Am­
photericin B (Sigma-Aldrfoh Qiumka), itraconazcde 
(Janssen Pharmaceutica, Madrid, Spain); voncon 
azole (Pfizer S.A., Madrid, Spain); ravuconazole (Bris­
tol-Myers Squibb, Princetcm, USA); posaconsGH  ^
(Schering-Plough Research Institute, Kenilworth, NTJ); 
terbinafine (Novartis, Basel, Switzerland); caspofuagin 
(Merck & Co., Im:., Rahway, NJ); micafhmgin (Astellas
©  2009 ISHAM, Medical Myobgy
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(Aarma Inc., Tokio, Japan) and anidulafungin (Pfizer 
S.A.). The final concentrations tested range from 16 to 
0.03 mg/1 for amjAotericin B, terbinafine, caspofungin 
and anidulafungin, and from 8 to 0.015 mg/1 for 
itraconazole, voriconazole, ravuconazole and posaco- 
nazok. The plates were incubated at 35°C for 48 h in a 
humid atmosphere. Visual readings were performed 
with the help of a mirror. The endpoint for am;Aoter- 
icin B, itraconazole, voriconazole, ravuconazole posa- 
conazole and terbinafine was defined as the antifungal 
concentration that produced a complete inhibition of 
visual growth at 48 h. For the echinocandins the 
endpoint was the antifungal concentration that pro­
duced a visiWe change in the morphology of the hyphae 
as compared with the growth in control well (minimum 
effective concentration, MFC) [20,21]. The antifungal 
susceptibility testing was repeated at least three times 
on different days for each isolate.
Results
Identification o f strains
Morphological examination showed that all nine iso­
lates were numbers of AspergUhts section Usti. All grew 
at 30 and 37°C in contrast with the A. ustus strains
from the CBS culture collection,which were not able to 
grow at 37°C.
The identification to species level was assessed by 
molecular methods, analyzing the ITS regions (data not 
shown) and partial p tihulin gene sequences (Fig. 1). 
Eight out of nine strains were identified as A. calidous­
tus and one as A. pseudodeflectus (CNM-CM5070). No 
other spedes were found in this collection of clinical 
isolates. The P tubulin sequence was the only diar- 
acteristic that differed between A. calidoustus and A. 
pseudodeflectus. Both species shared the same ITS 
sequence and are able to grow at 37"C.
Antifungal susceptitskty testing
The geometric mean (GM) and range of the MICs of 
antifimgal agents for each isolate is shown in Table 1. 
Due to the limited number of isolates, a susceptibility 
pattern could not be obtained. In any case, anidula­
fungin and micafungin have excellent activity in vitro 
against all isolates shown in Table 1. Amphotericin B 
also shows significant activity in vitro against the 
clinical isolates, with the exception of one A. ustus 
and one A. calidoustus isolate. Finally, only one 
A. pseudodeflectus isolate showed high MICs against 
terbinafine.
92
99
96
L»98
boo EF591734 AspnrgMus granubsus CBS588B5(T)
EFS9173S Aspergius granulosus CBS 119.58
CM 4037 Asptrglus LiStUS CBS 239.90
EF591727 Aspnrglus ustus CBS 281.67(7)
CM 4036 Aspnrgius ustus CBS 113533
EF59172S AspnrgHus puniceus CBS 495.65 (T)
EU07Ô376 Aspnrglus keveii CBS 209.92 (T)
CM 2272 AspergUhts ceUdoustus
CM 3788 AspergUhts ceUdoustus
CM 2475 AspergUhis calidoustus
CM 3927 AspergUhis calidoustus
CM 4115 AspergUhts caUdoustus
CM 4212 AspergUhis ceÊdoustus
EF591732 AspergUhts pseudodeflectus CBS 596.85
CM 5070 AspergUhis pseudodeflectus
CBS 121601 AspergUhis ceUdoustus CBS 121601 (T)
CM 2105 AspergUhts caUdoustus
CM 237 AspergUhts fumigatus
Fig. 1 Plylogemetk tree of the subset of isolates iadudcd in the study obtained by using maximum paramony plylogenetic analyses and 2000 
bootstrap simulations based on a portkm of the p tubulin sequences. AspergiSus funUgatus CNM-CM237 was used as an outgroup to root the 
tree.
©  2009 ISHAM, tdedkal tdycohgy
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Susceptibility prude o f Aspefgiüus calidoustus
Activity of azt^e drugs was very limited agamst 
A. calidoustus and A. pseudodeflectus isolates. However, 
voriconazole and ravuconazole showed good activity 
against both A. ustus isolates.
Discussion
'Non-Aspergillus fumigatus Aspergillus species are in­
creasingly isolated from human samples. An interim 
analysis of the TransNet surveülance program showed 
that A. fimdgatus caused 56% of cases of invasive 
aspergillosis after hanatopoietic stem cell transplanta­
tion [23]. Gkttnez-Lopra et al. [24] reported a prevalence 
of 45.4% of this species in a study with 338 clinkal 
samples.
Houbraken et al. [1] and Varga et al. [2] have recently 
reviewed the taxonomy of Aspergillus section Usti, 
describing new species based on a combination of 
morphology, physiology, extroUte pattons and mole­
cular techniques. Aspergillus calidoustus has been 
described as the species most commonly associated 
with human beings. This spedes forms a well-defined 
clade with A. pseudodeflectus in thdr ITS sequmice but 
could be dificrentiated from this sposâc by analyzing a 
portion of the p tubtdin gene Both species are able to 
grow at 3TC.
In recent years infections caused by A. ustus have 
increased significantly. This spedes has been reported 
as the agent of a number of different infections such 
as endocarditis, pneumonia, primary cutaneous 
infections, invasive pulmonary aspergillosis and en­
dophthalmitis Varga et al. [2] included A. ustus strains 
us«i in a previously reported paper by Panakal et al. [4] 
in their study, and found that these strains could be 
identified as A. calidoustus. This fact concurred with 
our results, vdiere no A. ustus was isolated from clinical 
samples, and therefore allows us to assume that most of 
the clinical cases of A. ustus reported are due to A. 
calidoustus. In addition, one A. pseudodeflectus isolate 
was present among the analyzed strains. This species is 
rarefy encountered but the limited rqwrts of its 
occurrence could be due to the fact of it having been 
misidoitified in the literature as A. ustus.
MICs obtained from different groiq» showed low 
activities in vitro for most of the drugs tested [4,5,10]. 
Since 1974, 24 infections caused by A. ustus have been 
described in the literature. Anq>hotericin B, caspofun­
gin, voriconazole, itraconazole and combination thera­
pies have been used to treat these infections with a low 
rate response. Eight therapy successes have been 
described [4,5,25 27], but only four patimts survived.
This study reports the susceptibility data of nine 
Spanish clmkal isolates and three CSS strains, identi­
©  2009 ISHAM, Medical tdycology
fied by morphological and molecular methods. Despite 
the fact that the number of isolates is limited, practical 
recommendations can be obtained from the data. It 
seems that A. calidoustus is the most frequent species of 
section Usti associated with humans. At a time nhen 
prc^hylaxis with azole drugs is standard practice for 
certain populations of patients tkse resistant species 
could be sekcted, as azole drugs are not effective 
against fiwm.
Susceptilnlity testing in vitro showed that terbinafine 
and the echinocandins, micafungin and anidulafimgin 
were t k  most active drugs against A. calidoustus, A. 
ustus and A. pseudodeflectus. Other authors have 
reported similar results for terbinafine [4,10]. However; 
no data has been found so far on in vitro acfivify of 
micafimgin and anidulafungin. These two new echmo- 
candins can be useful for the treatment of these fungi, 
as the in vitro susceptibility testing has shown. In 
addition, this study as well as another report [4], have 
shown effective action of amphotericin B against this 
groiQ) of fungi (Tabk 1). In summary, idoitification at 
spedes level for Aipergillus species has become an 
important issue since species with high in vitro MICs 
have been increasingly involved in fungal infections. 
A  calidoustus is a recently described, multi-resistant 
fungus that can be found in clinical samples, and can be 
accurately identified at spedes level by sequencing a 
part of the p tubulin gene. Optimal treatment for these 
infections has not been establiAed yet. Susceptibility 
testing should therefore be performed in order to 
provide alternatives for the treatment of this infection.
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Aspergillus Section Fumigati: Antifungai Susceptibility Patterns and 
Sequence-Based Identification^
Laura Akazar-Fuoli, Enilia Mellado, * Ana Alastmey-lzquierdo,
Manuel Cuenca-Estrella, and Juan L. Rodriguez-Tudela 
Siivicio de Afkafogkk Ccwro AfocmeW de Btkrobiolpgia, Metiaao de Salud Carios JU Mt^ d ahtmde, Madnd, Spain
Recefmd 20 jWy2O0TReUM#ad toe modMkWoq 2 October V ttlfK xeçm d  16 iMoatjr 3008
Resumen; Este estudio analizaron 28 cepas de Aspergillus pertenecientes a la secciôn 
Fumigati, que fueron aisladas de muestras clinicas en Espana. Todos los aislados 
esporuiaron lentamente y no crecieron a 48 °C. La identificacion molecular se llevô acabo 
mediante la secuenciacion de una parte de los genes que codifican para la p tubulina y el 
rod let A, identificandose seis especies diferentes {Neosartorya hiratsukae, Neosartorya 
pseudofischeri, Aspergillus viridinutans, Aspergillus lentulus, Aspergillus fumigatiaffinis y 
Aspergillus fumisynnematus). Los perfiles de sensibilidad fueron heterogéneos. La mayona 
de los aislados de A. lentulus y A. fumigatiaffinis mostraron CMIs elevadas a anfotericina B 
(media geométrica [MG] CMIs, >4.5 mg/L), itraconazol (MG CMIs, >6 mg/L), voriconazol 
(MG CMIs, >3 mg/L) y ravuconazol (MG CMIs, >3 mg/L); N pseudofischeri y A. viridinutans 
mostraron CMIs elevadas a itraconazol (MG CMIs, >8 mg/L), voriconazol (MG CMIs, >3.33 
mg/L) y ravuconazol (MG CMIs, >2 mg/L); y N. hiratsukae y A. fumisynnematus fueron 
sensibles a todos los antifungicos ensayados. En conclusion, varias especies que 
morfologicamente se parecen a A. fumigatus pueden causar infecciones invasoras en 
humanos. Ademas, algunas de ellas tienen CMIs altas para la mayona de los antifungicos 
disponibles para el tratamiento de los pacientes infectados con Aspergillus. La 
epidemiologia y la relevancia clinica de estas especies debe ser estudiada con mas 
detenimiento.
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Aspergillus Section Fumigati: Antifungai Susceptibility Paterns and 
Sequence-Based Identification^
Laura Alcazar-Fuoli, Enulia Mellado,* Ana Alastruey-Izquierdo, 
Manuel Cuenca-Estrella, and Juan L. Rodriguez-Tu&la
Servkio de M ic o U )^  Centro NacUmal de MictobkAogia, Institute de Salud Carios II I ,  Majadahonda, Madrid, Spain
Received 20 July 2007/Returaed fo r modifiaitioa 2 October 2007/Accepted 16 Jamiery 2008
TUs stu4y aiuiiyzed TBA^rgUbis stnins bdtmgWg to the section F im ^a ti that were iselated fh>m cUnfcai 
smples In Spain. All isolates spoiuiated slowly and were unaMe to grow at 4S*C. PhyiogenHic analysis based 
on sequencing of partial sequences of the p-tubuhn and rotfet A genes was used to ciassi^ the 2S strains toto 
sb dMhrent ciades (ffsaeartarya hiratsukae, Neasartarya pseudpfiseheri, A ^rg M rs  plrMumaus, Aspergtibu ku- 
tubu, AspergiSus fiau^atkifiuiM , and A^rj^ttusfiuuisyuuematus). AntiAingal suscepUbUi^  testing showed hot- 
«rogenceus patterns and groupé the strains together by species. Most/4. kntulus »u iA .fim t^B tk^ktis  isolates 
showed high MlCs of amphotericin B (geometric mean [6M ] MICs, ^ 4.5 pig/ml), itraconazole (GM MICs,
|zg/ml), voriconazole (GM MICs, ^ 3  (jig/ml), and ravuconazole (GM MICs, Ss3 pg/mi); Npseudofischeri and 
A. fttidiuuUms shewed high MICs of ttraconaxoie (GM MICs, teg |ig/ml). voriconazole (GM MICs, te333 
l&g/mO, and ravuconazole (GM MICs, te2 |ig/mi); and N, hiratsiikae sakdA.fitmisjmtMtuUus were suscept&ie to 
all the anttfhngais tested. In conclusion, a number of different species whose morphological features resemble 
those atAsparjpUusfuadgatus could succeed iu producing invasive infections in the susceptfele host In addition, 
some of them showed high MICs fer most of the antifengals available fer the treatment of patients tofected with 
these organisms. The epidemiology and clinical relevance of these species should therefere be addressed.
The incidence of mvasive aspergiBosts coitfiaues to increase, 
due to the rising number of patients undergoing bone marrow 
or solid organ tranqiiantation or corticosteroid treatment and 
those with hematologic  ^malignancies or ptdmonaiy disease 
(18).
Invasive aspergfilosis is mamly caused by AspeigiUus fumiga­
tus, although other species, sudi asAsper^Hus terreus, Aspergil­
lus niger, and Asper^Jius fiavus can also cause invasive infec­
tions (10, 15, 22). Furthermore, recent studies have reported 
on cases of aqxrgiUosis caused by o fh tr Aspergillus qiecies that 
belong to AspetgilUts section Fumigati (4, 12,14, 17).
Aqrergdbis section Fumigati has recently been reclassified by 
Samson et al. (36). It curraitly contains 25 different species, 
with 8 miamoij^s (^pergilkts brevpes, Aspergillus duricaulis, A . 
fumigatus, Aspergillus fiim igatU ^nis, A^ergUius lentukis, As- 
pergiÜus novofumigatus, A^etpUus unilateraUs, Aqrergillus 
wruUnttians) and 17 teiemorphs {Neorsartoeya aurata, Neorsar- 
torya aureola, Neorsartorya coreana, Neorsartorya fenneUiae, 
Neorsartorya fischeri, Neorsartorya glabra, Neorsartorya laànosa, 
Neorsartorya jpinosa, Neorsartorya quadricincta, Neorsartorya 
stramenia, Neorsartorya :q>athulata, Neorsartorya lüratsukae, 
Neorsartorya pseudofischeri, Neorsartorya tetencn, Neorsartorya 
mulplicata, Neorsartorya udagawae, and Neorsartorya sublevis- 
pota).
In the section Fumigati, besides A  fumigatus, other species, 
such as Neorsartorya fischeri, Neorsartorya pseudofischeri, Neor­
sartorya hiratsukae, and A . lentukis, have been reported to be
* CcNxespoodmg Mtthor. Maiitag address: Servido de Micologia, 
Centre Nack»al de Microbtologia, Imtitmo de Salud Carlos III, Car- 
re taa  Majadaboada-Pcnuelo Km 2, Madrid 28220, Spam. Plame: 34- 
91-8223661. Fax: 34-91-5097034. E-mail: emeUado@itdii.es.
* PubUthed ahead of print on 22 January 2008.
human path<%ens (3, 4, 12, 14, 17). This irrqWies that in the 
^qir(q)ri^e human host, all of them could cause disease.
The ccmventional means of idaitification ofX. fumigatus is 
based on its morj^ ological characteristics and miooscopic fea­
tures. Several morphological characteristics for differentiation 
betweai species of the Aspergillus sectkm Fumigati have been 
described. However, many species qx>rulate very slowly, and 
an extremely high level of expertise and lorig-t^m observât km 
are also required to identify the species. Other species, such as 
those of the genus Neosartorya, are able to produce ascospores; 
however, a considerable length of time is usually required for 
the production of ascospores, and ascoqxire production is not 
a practical method of identification for clinical microbiology 
laboratories (14,16,17,36). Æthough for the very eaqjerienced 
taxonomist the qjecies included in the section Fumigati are not 
morphologically tmiform, morphological observation is not 
sufficient to distmguish between them. This iaiA has led to 
species misideatification and also to the discarding of organ- 
inns as ccmtaminants (6,44).
In order to resolve this issue, a number of different tech­
niques have been developed and used to ident^ the species 
belonging to this section. These mclude analysis of the profiles 
of secondary metabolites, isozyme electrophoretic pattern 
analysis (23, 27, 33, 38, 39, 40), and molecular data analysis 
(41, 44).
Although secondary resistance to azole drugs has been de­
scribed in A  fumigatus strains (7,8,11,25,26,28, 42), most A  
fiim igatus strains are susceptible to the antifungab available for 
the treatment of patients with invasive infections (13). Because 
few dinical labor^ories routinely perfmm antifiingal suscq>- 
tibility testing of mdds and resistance in the section Fumigati 
has akearfy been rqwrted (5, 24), the misidentificatkm of 
these species is a matter of concern.
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TABLE 1. Origio, moleculw KbotiBodkm, MICs, and MECs of different antifungai against diaical isolates o iA spoffilus  section Fumigad
Isola»
Molecular identification M IC (uglmf)* M EC(|»g/»0‘
Origfo» p-TuboHn Rodlet A AMB ITC VCZ RVC POS TRB CAS M ICA
ATCC 2004305 Reference
strain
A fitmigatus A. fismigatus 025-1.0 0.125-1.0 0.25-1.0 025-1.0 0.03-025 20-8.0 0.12-05 003
CNM-CM-1290 Sputum A îentubis A lentulus 4.5 9.25 4.5 3J 0.40 1.33 028 005
Cratf-CM-3134 Sputum A ienhJitf A. lentulus 10 1025 6 6 0.56 1.75 038 007
CMd-CM-3364 BAL A lentulus A. lentulus 84 8 5.6 5.6 2 0.5 0.18 003
CNM-CM-3537 Sputum A lentulus A. lentulus 7 8.25 3.5 3 028 1 0.42 004
CNM-CM-3538 Sputum A lentulus A lentulus 7.25 825 7.5 7 0.75 1 0.11 010
CNM-CM-3583 Sputum A lentukis A lentulus 8 0.43 3.5 2 025 125 1 003
CNM<M3599 Sputum A lentulus A lentulus 266 0.5 4 2 0.5 1 026 003
CNM-CM4330 Sputum A lentulus A lentulus 8 6 3 15 0.12 0.5 12 0.03
CNM-CM-4370 Sputum A lentulus A lentulus 7.33 8 5.33 533 0.18 0.5 0.91 003
CNM-CM-4387 Sputum A lentulus A lentukis 6 8 4 3 0.25 0.5 025 003
CNM-CM4415 Sputum
Nad
A lentulus A. lentulus 6 16 5.33 4.66 0.33 0.5 025 003
CNM-CM4420 A loittdus A lentulus 1066 8 5.33 4 0.33 1 033 003
CNM-CM-4426 %wtimi A lentulus A lentulus 12 6.66 5.33 533 0.20 0.83 022 003
C NM 4M -4«8 Skhi A lentiàus A lentukis 12 7 5 5 0.62 0.66 029 0.03
CNM-CM-4063 BAS A fitndsjmnematus A fumisynnematus 1 025 0.83 083 0.12 1.66 03 0.03
CNM-CM-2280 Sputum A fitmigafiaffinis A fumigatiaginis 16 6.66 6.66 6 1.16 1.66 1.3 0.04
CNM-CM-3227 BAL A fiimigatiaffinis A. fumigaiio^nis 8 8 5.6 5 0.625 1.4 0.16 0.08
CNM-CM3303 Skia N. hiratsukae N. hiratsukie 05 0.12 0.5 0375 0.06 0.09 034 0.03
CNM-CM-3305 Skin N. hiratsukae N. hiratsukie 031 0.185 0.375 025 0.045 0.06 003 0.14
CNM-CM-3764 OTE N. hiratsukae N. hiratsukae 1 0.33 1.66 133 0.16 025 026 0.04
CNM-CM-J740 OPE hf. hiratsukae N. hiratsukie 066 0.16 1 0.66 0.10 0.20 0.66 0.03
CNMCM-4328 Comeal N. hratsukae N. hirtdsukie 075 0.25 125 05 0.09 0.09 0.03 0.03
CNM-CM-3769 Sputum N. paeudcfischeri N. pseudofischeri 1 8 3.33 2 0.25 1.33 0.12 0.06
CNM-CM-2Z70 Sjmtum M pseudcfischm N. pseudofischeri 017 8 3 35 0.31 1 031 0.26
CNM-CM4060 #u»m
hW
If. pseudofischeri N. pseudofischeri 025 11 3.33 333 0.29 0.5 0.62 0.03
CNM43ri-3914 W. pseudofischeri N. pseudofischeri 025 16 6.66 4 0.5 0.5 1 0.03
CNM43d 3147 (WE A viridinutans A viridinutata 058 14.4 4 5.66 0.41 1.2 0.67 0.20
CNM-CM-4518 NaH A viridinutans A viridinutans 037 16 4 4 025 0.75 1 0.03
• T ie  M lO i of smphoserich B (AMB), ferscofuuole (TTC), votkooazote (VCZ), rsvucomazok (RVC), posacoaazok (POS), and leibinaine (TRB) aae GMs. The 
MlCk far the lefcraace strain » e  ranges.
* The MECk of caspoAmgh (CAS) and aWcaAingin (M ICA) aie OMi. The CAS NEC for the Kfecence strain is the range 
'  BAL, bronchoaiveolar lavage tuid; BAS, bronchoalveolar aspirate; OPE, oropharyngeal exudate
The aim of this study was to analyze clinical strains of A$- 
perpUus section Fumigati. To date, we have analyzed a collec­
tion of 28 AspapUua clinical drains that had previously been 
identified as atypical A. fumigatus isolates. We report on the 
results of the moleciilsu' identification ty sequmcing of both 
the p-tubulin and the rodlet A genes and the antifungai sus- 
ceptitalky testing profiles of tite strains.
MATERIALS AND MBTHODS
Phnga* sWaiMi mà nwdU. A total of 37 strains wbk included in this stw r^; 28 
Àspergiüu3 section Fianigcti strains (Table 1) ««re independent clinical hdates 
from diherem pndensi and belong to the Mold Collection of the Centro Nadonal 
de Microbialogia (CNM). Control strains induded a set of #ve X  fumigatua 
strains belonging to the CNM (strains ClAf-CM-3248, CNM-CM-32M, CNM- 
CM 3258, CNM-CM-3452, and CNM CM 3722) and four strains obtained from 
the Centrakuieau voor Schhnsielcultoies (CBS) {N. krataukae CNM-CM-4S51 
[CBS 109356) and CNMCM-4554 (CBS 117067] and N. ptaidpfischen CNM- 
CMA487 (CBS 404.67] and CNM-CM-4488 (CBS 208.92).
The fungi were grtwn at 37C in potato dextrose agar (Qnoid, Madrid, Spain) 
or malt extract ngar. Theconidial stocks were pRserved k  sterile distilled water 
at4*C (2).
I kmgsi issi'ghsl su  is ii gvsnUi I'SBditions. Ragtti morphtdogkal features were 
esamined by conventional methods (9). The dtifesenlisl lemperanwe growth was 
determined by tte  prenenoe or absence of giontt at 37*C and 4S*C for 3 days (4).
I idlftmgil snsiigtiha iy li sUng Brott microdUwtlon susceptfoiMly testing was 
performed as descÂed in the CLSI (formerly NCCLS) lefeieace method (29), 
with miner meditications. The mediflcations included foe use of RPM I1640with 
L-ghttamine buffered 10 pH 7 vifo 0.165 M  motpheUnepfOpanesuHdnic acid and 
10 M  NaOH and supfdemented with 2% glucose (Oxoid) and the use of an 
inoculum sine of 1 x 10» to 5 x i f  CPU/ml (20,31,34).
The amifongal agents used in the study were amphoterkia B (concentration 
range, 16 to 0.03 pg/ml; Sgma Aldrich Quknica), itraconazole (concentration 
range, 8 to 0.015 ng/sal; Janssen S.A, Madrid, Spain), voriconanofe (concentra­
tion range, 8 to 0.015 ng/ml; Pfizer, & A ), ravuconazole (concentration range, 8
to 0i015 ng/fol; Brisiol^ yem, Squfeb, Princeton, NJ), posaconanofe (concentra­
tion range, 8 to 0.015 |ig/ml; Scherh^ Pkwgh Research Institute, Kenihvorfo, 
NJ), terbinafine (concentration range, 16 to 0.03 ng/ml; Novartis, Basel, Swit- 
nerland),caspofongin (concentration range, 16 to 0.03 (ig/ml; M erck* Co, Inc., 
Rahway, NJ), and micafungin (concentration range, 16 to 0.03 ng/ml; Astefias 
Pharma foe, Tdgo, Japan), foocuhim suspensions were psepnred from fresh, 
mfoure (3- to 5-diy-old) cultures by the use of a previewely reported metinidol- 
ogy (34\ The plates were incubated at 35*C far 48 h is a humid atmosphere. 
Visual readings were performed ndth the hdp of a mirror. The endpoint for foe 
MIC determination was the antifungai concentration font profoieed timcompfete 
inhfoitioo of visual growth at 48 h. For the echinocandias, the miniasal effective 
concentration (MBC) was used for ewlpoint determination. The MEC «ras 
defined as the mhtimal antifung*! concentration that produced mnrphdqgical 
alterations of hyphal growth at 48 h.
X/um i|u/ur ATCC 2004305 was used as the qunky control strain to validale 
the MIOs and MECs (reference values are sbovra in Table 1). Antifimgsl sus- 
ceptfeWlty testing was repeated at least foree times on diBnsm t days.
PCR ampHfteatisn asid mgnrniring. Partial sequences of tim B-hM»6n and the 
rodlet A genes we» amplified with pimer set piub3 (5' TPCACCTTCAGAC 
CGGT-3') and ptub2 (4) and prinmr set RodAl and RodA2, mspnctlveiy (4>
AH prhneis we» syntiiesined by Sfgma Genotys (Madrid, %min). PCRs we» 
carried nut wHh a S0i»J vahm»containing ix  PCR bufsr (Applied Biaryemnm, 
Madrid, Spain); 2 aM Nfgd, (Applied Biosystems); 250 «M each of dATP, dOTT, 
dCTP, and dTTT (Applied BMsynteam); 1 of each pthner; 25 U  of 7<39 DNA 
pointera» (Applied Bkqefems); and 25 to SO ng of .4. fimigalus genomic DNA  
Aaipttkmion was performed in a foetmal cyder (GeneAmp PCR tysfem 97Bfi; 
Apffoed Biesystesm) for 1 cyde of 5 srin at 94*C and then 38 cycles of 30 s at 94*Q 
45 s at 55^, and 1 to 2 nun at 721C, fcHowed by 1 final qtde of 10 min at 72TC The 
PCR product! we» analyaed by dectiophoseais on 0846 agara» geh and we» 
visuafiaed by tmnaifiuminstion (Gel Doc 2000; Bio-Rad Lhboratories, Madrid, 
Spam) after they « «»  stained with etUdhmi branude (Sigma, Madrid, Spain).
The wqueacmg reactions were undertahen as descrfeed befb» (1) with prim­
ers ptubl (4) and ptub4 (S'AOCGTCCATGGTACCAGG-3') for the p-tubufia 
gene and primem RodA3 (5'-AACGrCCGCTTCCCCaTrC-3'), RodA4 (5’-T  
AOGGCATCGGAAGGAGAG-3'), and RodA5 (5'TACGGCATCGGAOGG 
AGAG-3') for the rofoet A gene.
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TABLE 2  OetÆank sequeacei nmd acceaioa m usbm  of the genes 
used in this study
GeaBvak 
aoccmiai ao. Game bob»
DQ094884 p-Tubulia A  fmùgÊtMginia IBT 13131
DQ09488S fi-Tubulin A  fiim igaiiafiH is IBT 12%3
AB248076 fi-Tubulm A  fmUsynnemaua IFM 42277
AB249897 Rodlet A A  funkynnm atus IFM 42277
AB248077 P-Tubulin A  fiunisyimematus 90-BP-70
AB249898 Rodlet A A  fimaymematus 90-BP-70
AB248078 P-Ttdnilin A  funkyim em ttus 90-BP-177
AB249899 Rodtet A A. fimdaynneniatia 90-BP-177
AY738513 P-TtttHdia A  lenttdus PH S
AY738514 Rodlet A A  lentulus FH 5
AY738517 P-Tubulim A. lentulus R1 4
AY738519 Rodlet A A. lentulus FH 4
AY738520 p Tubulin A. lentulus FH 7
AY738522 Rodlet A A. fouwlw FH 7
AY738523 P-Tubulin A. lentulsu FH 220
AY738525 R o d a  A A . lentulus FH 220
DQ094886 p-Tubulin A  novofumigttus IBT 16806
DQ094887 p-TUbulia A  nevofiunigUus IBT 16755
AB248299 P-Tubulm A. virüMnutiuu IFM 54303
AY590130 P-Tubulù A. viridinuitns MK284
AB2S0163 Rodlet A A  riridtiuutats
AP057312 p-TUbulin A. ckvetus H 522
AF057322 Rodlet A A. clavetus H 522
Siqu i rt sÊiÊàfds. The sequceccs were assembled aad edited with the 
S e^as  I I  and BdhSeq wftwase packages (Lasetgeae; IWiAStaf, lee., Mad 
isea, W I). Sequesee ama%uls was petfesased by compariag the IW A  se­
quences with those of the control strains included in this tVùàj and with the 
sequences obtained from the OenBank database. Fourteen p-wbulin gene 
partial sequences and nine rodlet A gene partial sequences were used and are 
listed in Thble Z
rhylsgsntik  ssisfysis A l phylogenetic analjses were conducted wifo Info- 
Quest FP software (version 4.50; Bio-Rad Laboratories). The methodology used 
was asaannwim-pssMsteny duslering. Phylegram stabihqr was assessed by parsi- 
mony bootstrapping wifo 2,iM  simulatiens. TheAyergi&o clavatus pAUbwlin 
and rodlet A gene sequences were used as the outgroups (TSMe 2).
Nndsstids ssqnsnee sirsswsn nsunhsrs. The following are the OenBank 
accession numbem for the p-tubuHn and rodlet A gene fragment sequences from 
all the strains used in this work for the p-tubuMn gene fragstentr, CM 1290, 
EU310839; CM-2270, BU310M0; CM-2280, BU310641; CM-3134, EU31064Z 
CM-3147, EU310843; CM-3227, EU31W44; CM-J2W, EU3W645; CM 3254, 
EU310646; CM 3258, EU310647; CM 3303, EU310848; CM-3305, EU310849; 
CM-3364, BU310850; CM 3537, EU31H851; CM-3538, EU3M852 CM-3583, 
EU310853I CM-3599, EU310854; CM-365Z EU310655; CM-372Z £0316856; 
CM-3740, EU310857; CM-3764, EU31«58; CM-3769, EU316859; CM-3914, 
EU316860; CM-4060, BU310861; CM-4063, EU310862; CM-432S, EU310863; 
CM4330, BU310864; CM4370, BU310865; CM-4387, EU310866; CM-4415, 
EU310867; CM-4420, EU310668; CM4426, EU310669; CM-4428, EU310S70; 
and CM-4518, EU310871; for the rodlet A gene ftagnmnts, CM-1290, 
EU316606; CM-2270, BU310607; CM-2280, EU310806; CM-3134, EU310809; 
CM-3147, BU316810; CM-3227, EU310811; CM 3218, EU3M61Z CM 3254, 
EU310813; CM-32S8, EU310614; CM-3363, EU310815; CM-3305, EU310816; 
CM-3364, EU310817; CM 3537, EU310818; CM 3538, EU310819; CM 3583, 
EU310626; CM-3599, BU310621; CM-365Z EU310622; CM-372Z EU310623; 
CM-3740, BU316824; CM-3764, BU3KB25; CM-3769, EU310826; CM-3914, 
EU310S27; CM-4060, EU316628; CM4063, BU310629; CM-4328, EU310830; 
CM4336, BU310831; CM-4370, EU310832; CM-4387, EU310833; CM4415, 
EU310634; CM-4420, BU310835; CM4426, EU310636; CM4428, BU310037; 
and CM-4518, EU310038.
RESULTS
Clinical isnlate innrpbnlngy and grmwtii temperature. The
cliniufi origins of the 2&A^>ergiBiis section Fumigaii strains are
shown in Table 1. These were istdated from 21 re^iratoiy 
qiecimens, 1 ocular swab qiechnen, and 6 skin or naü samples.
All strains were first ideidified as atypical A  funùgatus 
strains by cooventknal macroscr^ Nc and mkaoscopic morpho­
logical analyris methods. Identificatkm to tikeAtpàpUm  genus 
level was stra%ldforward; however, we were not able to dis­
criminate betweoi the différait qiecies of Asper^us section 
FumigatL While A  fum ^atus grew at 37°C and 48°C, all the 
other strains analyzed in this study grew at 37°C but were not 
aWe to grow at 48®C.
Molecular Ideutlfkatlon M A ^ er^ tu s  soctkm FtmtigpU. Par­
tial DNA sequences of the ^-tubulh and ro^et A genes were 
(fotained and malyzed. Four CBS strains were amplffied with 
the prhners descrfoed above m otàet to coaqiare the 28 atyp­
ical Aspergjiüus with members of the section FumigcUi. We adso 
included a set of ^ -tubulin and rodlet A  sequences from mem­
bers of A^agSbts sectkm Fumigaii availaWe fr(^  GenBank 
(Table 2).
The (A^ogenetic tree produced by maximum parsimony of 
the B-tubulin sequences (Fig. 1) grouped the 28 clinical isolates 
into sk different ciades (N . füraimkae, N . paeudcfischeri, A  
v0 idinuiatts,A  kutuhs,A ./um ^iU iaffinis, and A  fiimisynnema- 
tus).
On the basis of these results, 14 atypical A . Jumigaius strains 
were identified as A . lentulus, supported by bootstrap values 
from 70% to 99%. Five is<dates were identified as N. hiraisukae 
with a bootstrsq} value of 100%, four were identffied as N. 
pseudofisdteri (bootatrsp value, 1(X)%), two were identified as 
A . viridinutans (bootstn^ value, 97%), two were identified as 
A . fumigatiaginis (bootstrap value, 92%), and ooe was identi­
fied as A. fitmiaynnematus (bootstrap vzAre, 98%). None of the 
AspergiOus secticm Fumigati sequences anidyzed matched the 
A  fim igatus sequences.
Figure 2 shows the results of a fdiyiogenetic analysis ob­
tained by marimum parsimony of the rodlet A gene sequences. 
According to those results, the 28 clinical strains fell into the 
same six dades. Fourteen samples were grouped with A  len- 
tuius wAh bootstrap values (rf 63% and 81%. Five isolates were 
idoitified as N. hiratsukae wkh a bootstr^ of 100%. Four 
isolates were identified as AT. pseudofischeri, two were identified 
as A  viridinutans, two were identified asA. fumigatiagims, and 
one was idattified as A . funti^nnematus, supported 1  ^boot­
strap values of 99%, 100%, 46%, and 83%, respective .^ A l A  
fumigatus sequences were divided into a single group according 
to their rodlet A sequences.
The identities mid dasmficatiom residts for the A^ergillus 
section Fumigati strains on the basis of their fi-tubulin and 
rodet A sequences are sununarized m TaWe 1.
AntUktngal swsc^t&IUfy testing. The MICs and MECs of 
the amffungal agents for the collect ion of dinical isolates are 
diown m Table 1 and are eaqTressed as gpom^rk means 
(GMs). The species were identified by B-tubuhn and rodlet A 
gene sequencing. Analyses of the susccptfoility phenotypes 
(TËde 1) resulted in dear differences between Ayôÿüws q>e- 
cks of the section FumigatL We were aWe to differœtiate three 
differeiU aiUifimgal {Genotypes. Twelve of the 14 A. lentulus 
isolates and the two A . funtigatiaffinis isolates diowed high 
MICs of amphoterkio B (GM MICs, 4.5 pg/ml to 16 pg/ml), 
itraconazole (GM MICs, 6 ug/ml to 10.25 ug/ud), voriconazole 
(GM MICs, 3 pg/ml to 75 ug/od), and ravucmiazole (GM
-37
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DQ094887 Atparglut nevofbmigatua IBT 18756
DQ0948M AapnrgHus novofumigahja IBT 18806
DQ0S48W Atpnrglus ftangadafllnis IBT 12703
DQ0M8#4 Aapergfiua furNgaNaflWii IBT 13131
CM22S0 Aapnrglua hanigaBaflWi
CM 3227 Aapargffus fbmlgaiaffWi
CM 3264 Aaparglus htmlgatoa
CM 3268 Aapnrglus hiraigalus
CM 3662 Aapnrglus fbraigalua
CM 3722 AapargHua ftjmigalua
CM 3248 Aapnrglut fkimigalua
AB248077 Aapnrgffua hirNaynmamatoa 80-BP-70
AB248078 Atpnrgiu* fbmlaynnamakja 80-BP 177
CM 4083 Aapargiut fltrNaynmamahia
AB248078 Aapergmia IbrNayrmamalua IFM 42277
AY738617 Aaparglua lankilua FH4
CM 3134 Aapnrglus tankilua
AY738520 Aapargius tonkAia FH7
AY738523 Aapargiut tordukia FH220
CM 1290 Aapargiut ItnkAit
CM 3384 Aapargiut tonhthia
CM 3537 Aapargiut tonhjhia
CM 3583 Aapargiut lantukia
CM 4370 Aapargiua tonhilua
CM 4387 Aapargiut latdulut
CM 4415 Aapargiut lattodua
CM 4420 Aapargiut totOuhM
CM 4426 Aapargiut lontolut
CM 4428 Aapargiut tontotoa
AY738513 Aapargiut tartukia FH5
CM 3698 Aapargiut lankttoa
CM 4330 Aapargiut tonhjlua
CM 3538 Aapargiut lantukia
CM 3305 Naoaartwyt Nrataukaa
CM 3740 Naotartoryt Nrataukma
CM 3784 Naoaaitorya Nrataukaa
CM 4328 Naoaartsrya Nrataukaa
CM 4661 Naoaartotya Nrataukaa CBS 109368
CM 4554 Naoaartotya Nrataukaa CBS 117087
CM 3303 Naoaartotya Nrataukaa
CM 3788 Naoaartotya paaudoflschari
CM 3814 Naoaartotya paaudoftaehari
CM 4080 Naoaartotya ptaudaAaehari
CM 4487 Naoaartotya paaudoftaehari CBS 404.67
CM 4488 Naoaartotya paaudoAaeharl CBS 206.92
CM 2270 Naoaartotya paaudoftaehari
CM 3147 Aapargiut vkidtoutana
AY580130 Aapargiut vWdMant MK284
CM 4518 Aapargiut wridkiutant
AB248299 Aapargiut virkBnulana IFM 54303
AF067312 Aapargiut ekwatua H522
FI G. 1. Phyiogenetk tree obtained by manmum-parmmony phylogenetic analysis with 2,000 bootstrap simulations on the basis o( the p-ttfoulin 
sequences from all the strains included in the study.
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CM 3768 Naosartoiyn psMJdoliachM
CM 3814 Naoaartcwya pMudoischwi
CM 4060 Naeaanwyapsaudalkehwl
CM 4487 Necsartwya psaudoHechsii CBS 404.67
CM 4488 Neosaitoiya pseudoHeehwi CBS 208.82
CM 2270 NaoMrtwya pMudoltetwii
CM 3134 AtpnrgHus lentukis
CM 3364 AspargHut laniukis
CM 3663 AapwgHut lentukis
CM 3686 Aspprgllus lentukis
CM 4330 Aapnrglus laitoikis
AY738622 Aapnrglus lentulus FH7
AY738619 Aapnrglus lentulus FH4
AY73SS26 Aapnrglus lentukis FH220
CM 1280 Aapnrglus lentukis
CM 3637 Aapnrglus lentukis
CM 3538 Aapnrglus lentukis
CM 4370 Aapnrglus lentukis
CM 4387 Aapnrglus lentukis
CM 4415 Aapnrglus lentukis
CM 4420 Aapnrglus lentukis
CM 4426 Aapnrglus lentukis
CM 4428 AspnrgBus lentukis
AY73B514 Aapnrglus lentukis FH5
AB248888 Aapnrglus lbmlsynnemetus80-BP-177
AB248886 Aapnrglus Itanisynnemetus 80-BP-70
CM 4063 Aapnrglus Ibmisynneinetus
AB248887 Aapnrglus himisynnniTMitus IFM 42277
CM 2280 Aapnrglus ItimigetleMWs
CM 3227 Aapnrglus tumigatiefnnia
CM 3254 Aapnrglua Ibmlgetus
CM 3258 Aapnrglus himigelus
CM 3652 Aapnrglus hniigetus
CM 3722 Aapnrglus fumigatus
CM 3248 Aspnrglhis tomigetus
CM 3305 Neosartorya hirmtsukan
CM 3740 Naosaiterya hitatsukaa
CM 3764 Neosartorya hitotsukaa
CM 4328 Naosartory hrataukao
CM 4554 Naosaiterya hiratsukae CBS 117067
CM 3303 Naosartorya hkatsukae
CM 4551 Naosartory hkataukaa CBS 108356
CM 3147 Aapnrglus vtridtoutone
CM 4518 Aapnrglua vkidtoulans
AB2501D3 Aapnrglua vkKinutons
AF0S7332 Aapnrglua elavatua H522
FIG. 1  Phylogenetic tree obtained by maximum-parsimony phylogenetic analysis with 2,000 bootstrap simulations on the basis of the rodlet A 
sequences from all the strains included in the study.
MICs, 1.5 p.g/ml to 7 p.g/ml). Although strains CNM-CM-3583 
and CNM-CM-3599 did not follow this pattern for itraconazole 
(GM MICs, 0.43 pg/ml and 0.5 pg/ml, respectively), they re­
tained the high MICs of amphotericin B (GM MICs, 2:2.66 
pg/ml), voriconazole (GM MICs, 2=3.5 p,g/ml), and ravucon­
azole (GM MICs, 2 p.g/ml). A second profile was related to the 
species Ni pseudofisdteri and A  viridinutans. They showed high 
MICs of itraconazole (GM MICs, &8 pg/ml), vwiconazole 
(GM MICs, te3.33 p.g/ml), and ravuconazole (GM MICs, ^2 
p.g/ml) but were susceptible to amphotericin B (GM MICs, ^1
- 39 -
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pg/ml). In ccmtrast, strains identified as N . himtsukae and A. 
fiimisynnemahu were more susceptfole in vitro to all the aiffi- 
fimgal compounds tested.
Among the azoles, posaconazole showed better activity in 
vitro (GM MICs, £0.75 p.g/ml) against all dinical isolates 
analyzed in this stutfy. Moreover, all strains were susceptible to 
terbinafine (GM MICs, £1.75 p.g/ml) and the echmocandins, 
showing GM MECs of caspofimgin and micafungin of £13 
{ig/ml and £0.26 (ig/ml, respectively.
DISCUSSION
The presoit study highlights the limitations of phenotypic 
methods for the identificatitm of some genera of molds. The 
use of molecular methods to partially sequence the tubulin 
and rodlet A goies enabled us to identify to the qpecies level all 
dinical strains induded in the study and previously classified as 
“atypical” A . fumigatus isolates. The m^ority of molecular 
methods use either specific probes or universal primers that 
are normally directed to conserved regions of the rRNA gene, 
particularly to the internal transcribed spacer regions (32,35). 
However, internal trmscribed spacer regions do not have 
enough ph^ogmetic strength to resolve the evolutkmaiy rda- 
tionsby with strong bootstr^ support for AspetgÛlus species 
frmn the section Fumigati (4, 5, 24, 41). Sequence analysis of 
both the B-tubulin and the rodlet A genes reveded that this 
method accurately differmtiated the aon-A. fitmigatus isolates 
from the A . fumigatus isolates (4, 5). Therefore, all dinical 
isolates used in this study were identified to the qpecies level by 
maxsnum-parsimony analysis of the p-tubulin and the rodlet A 
gene sequences.
On the basis of the identities of B-tubulin and rodlet A DNA 
sequoices, the 28 strains were divided into six monophyletic 
dades siqpported by bootstrap values that differentiated the 
qpecies (Fig. 1 and 2). The dades klentified the isolates as 
belonging to the following species: 14 strains were.^ 4. lentulus, 
5 strains were N . hiratsukae, 4 strains were N. pseudtfischeri, 2 
strains were A . viridinutans, 2 strains were A . fumigatiaffinis, 
and 1 strain was A . fumisynnematus.
A . lentulus has beoi isolated from soil and air, and it has also 
been isolated from patients with invasive infections (4). In this 
regard, most A . lentulus isolates recovered in this study were 
cultured from respiratory samples. This fact demonstrates the 
potential invasiveness of this pathogen in a aisceptflple host 
because A  fumigatus is able to cdonize the human reqnratoiy 
tract. A  viridinutans, N . hiratsukae, and N . pseudofischeri have 
dso been isdated from humans (44), although cmfy N . hirat­
sukae and N . pseudofischeri have been associated wih human 
invaswe fungal infections (3, 14,17).
A  fumisynnematus was descrttied as a separate taxon on the 
basis of the part id cytochrome b gene sequences of the species 
(43). However, this l^ecies was not induded in the last dassi- 
ficdion oiA^>eigillus section Fum ^ali because the type strain 
of the species was not avaffable for fffimiotypic characterization 
(36). To our knowledge, .^ ./wntrynnemalus and A  fum igatiaf­
fin is bad always been isolated from enviromnental sources. We 
describe for the first time the isolation of A . fumisynnematus 
and A . fiinugatUffinis strains from human hosts, which raises 
the intr^ing issue of whether these species should be consid­
ered patbogoiic fungi.
The common antifungai susceptibility phenotype of A . fu ­
migatus is characterized by low MICs of the azole drugs, am- 
photericm B, and ethinocandina. A  fumigatus strains showing 
resistance to azole drugs have been reported, although they 
have always maintained low an^hotericin B MICs (11, 25,26). 
In contrat, most A  lentulus and A. fim igatiaffinis Isoldes di- 
alyzed here diowed extremely high MICs of mgAotericin B, 
itraconazole, voriconazole, and ravuconazole.
Although 2 of the 14 A  lentulus isolates seoned to be sus- 
cept&le to kraconazde, it is râiportaat to emf*asize that we 
have not observed a uniform itraconazde «isceptibüky pat­
tern, even after repeatmg the susceptibdky testing more than 
eight tines (data not shown). Due to the dow growth of most 
of these species, ra t^ k it leadxig was easier at 72 b than at 
48 h.
Since it has been demonstrated that elevated MICs of am- 
phckericin 6 are associated with poor clinical outcomes (19, 
30), the high MICs of am|kiotericin B for A . lentulus and A . 
fumigatiaffinis could have a remarkable dinical inq^ act Aat 
merits research. In addkion, it is well known that A . terreus 
strains have higher amphotericin B MICs than A . fiimigatus 
strains, and this fact has been associded wkh a poorer re- 
sp<mse to amfdiotericin B in pdients infected wkh this species 
(21, 37).
Even though A  fiinüsynnematus seems to be very dosely 
related to A  lentulus, it had a different profile of susceptibility 
to all drags tested. However, more isolates need to be analyzed 
in order to establidi the antifungai suscq)tibilky profile for this 
species.
Consistent with previous data (3, 44), the antifiingal pheno­
types of N . pseudofischeri and A  viridinutata showed thd th^  
had high itraconazole, voriconazde, and ravuconazole MICs.
AH N . hkatsukae Isoldes were suscqkiUe to all the antifun­
gai drugs tested. There has been only one report of cerebral 
aqiergillosis caused by N , hiratsukae (14), in which the strain 
cultured from that patient Aowed a pattern of MICs sknilar to 
the patterns described in this study.
Among the azoles, posaconazde diowed the highest levd of 
activity against all species analyzed. Terbinafine also had good 
activity in vitro against all dinical Isoldes compared wkh the 
MICs for A  furrvgatus.
Fmally, our antifiingal suscqkibkity testmg results for the 
echmocandins showed that all strains were suscqkible to both 
caqmfiingin and micafiingin (MECs, £13 p,g/ml). This result 
ccmtradicts the kidings of other authors, but smce a referoace 
method for testing the aiscqkibilities of ffiamentous fimgi to 
edtinocandins has rxk yet been defined, condumons dwut the 
echinocandin susceptkiiity or resistance of AspergiOus spp. 
should be made carefully.
This stutfy orgkiasizes that mdecular methods are needed 
for the correct identified km of members otA^ergHhis sectkm 
Fumigati to the species level. Moreover, the members of this 
section have différait antifiingal susceptibility profiles. The 
identification of qiecies or isddes showing h i^  MICs of the 
aatifungals used dinically is ttierefore mtm^tory. It AoWd be 
noted that h%h in vkro MICs may not necessarily reflect de­
creased suscqkibilky in vwo, especially because these species 
have growth differences that cotkd affect the results. Therefore, 
to asceitam the true dinical inqmrtance of these species, epi­
demiological studies must be performed together wkh in
- 4 0 -
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vitro-in vivo correlation studies. In the meantkne, it is difficult 
to give practical advice for clinical laboratories, but we si%gest 
toat those Isoldes whidi appesa to be A  fitm igatus under the 
microscope but which have poor spcNulatk» or slow growth be 
sent to reference laboratmries. An alternative q^roach could 
be to said w y  A . fumigatus-]ilk.e strain which does not grow at 
48°C to a reference laboratory. Due to the shortage of dda rmd 
the un^edictaWe suscqkibflky profiles of some isolates, we 
highly recommend that antifungai susceptfokity testmg be per­
formed by a standardized method<kogy for all isolates associ- 
ded wkh kiman infectmns.
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Resumen; Se analizaron filogenéticamente 34 cepas de Aspergillus pertenecientes a la 
secciôn Nigh. Los métodos moleculares permitieron la correcta clasificaciôn de las cepas 
en très especies {Aspergillus niger, Aspergillus tubingensis y Aspergillus foetidus). Se 
diferenciaron tres perfiles de sensibilidad in vitro al itraconazol: susceptible, resistente y 
aquellos que mostraron un efecto paradôjico.
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A pfrylegemeUc analysis was performed for 34 AsptrpUus strains belonging to secUon Nigri. Molecular 
methods allowed for the correct classification Into three dlffesent ciades {A- alger, A. tiMngeiuis, and A. 
faetidas). Correlation with In vitro Itraconazole suscqitlbllify dlsthqpiiahed die following three profiles: sus- 
ceptMe, resistant, and showing a paradoxical effect A number of different species whose morphological 
features resemble those of A. nigtr showed unusual MICs to Itraconazole that have never been descrffied for 
the AiperpBiu genus.
Kack aspergdli are widdy distrfouted in nature (16); they 
are common food qx>ilers bid are also wdi used for industrial 
purposes ( 15). AmongAspergillus species of the Nigri group, A . 
n^er constitutes the most frequent etiological agent of otomy­
cosis (13) and is conridered the third cause of pulmonary 
a^igffioris (10). Nevertheless, the clinical médications of 
other speries are rarely reported, and they are generally iden­
tified as A. nigjer (14, 22).
Clinically, identification of unknown A^ergdlus clinical iso­
lées to the qrecies level may be important given that di&rent 
species have dissimfiar suscqdibilities to antifungai drugs. 
Thus, the Imowledge of the qrecies identity may influence the 
droice of appropriate antifungai therapy (2, 4). Furthermore, 
since the antifiingal susceptibility patterns for most of the spe­
cies whhin section N igri have beoi poorly investig^ed, tk ir  
identification and antifiingal sascqitibility profiles appear to be 
of dinical interest for further researdi.
Black aqiergilli belong to one of the most difficult groups 
concemmg classific i^on and identification (18), and so a num­
ber of différait tediniques have been devdoped in order to 
solve this issue. Among them, molecular tools are the gold 
stsmdaid (1,18), as the sequencing of the p-tubulin or calmod­
ulin goie is suitaWe, and enough, to djscrkninate between 
species within sedion Nigri (3, 18, 21).
Thirty-four .AspergdZus section Nigri strains belonging to the 
Mold Cdlection of the Centro Nacional de Microlnologia and 
colleded since 2004 were analyzed. Thirty-three strains were 
mdepeodoit dinical isolates, and 1 had an environmental or­
igin. AH strains were idoitified as A  luger using convention  ^
methods of mor|ffiology at the macroscqiic as wefl as micro­
scopic levels (9). Species identification analysis was addressed 
usmg sequences of the ^-tubulin gene from all the strains 
mchided in this study together with the sequences of different 
Aspergillus section Nigri type strains and others that were avail-
* Corre^ndMg ambor. M a i^  address: Servido de Micologia, 
Centro Nadonal de Mioofaiologia, Instituto de Salud Chrlos III, Csr- 
retoa Mqadahonda-Pozuelo Km2 28220, Madrid, Spain. Pboie: 44 20 
7594 5293. Fax: 44 20 7594 3076. E-inail: l.alcazar-fuoli@iinpaial 
.ac.uk.
Published ahead of print on 27 July 2009.
aWe at GenBank as follows: A  tubingensis AY82(XXyF, AY820 
009, and AY585527; A  foetidus AY585533’’, AY585534, and 
DQ768454; and^. niger FJ629288’’, BF422213, and AY585537. 
Partial sequences of the fl-tubulin gene were amplified using 
the primer set fituhAnigerl and BtubANiger2 (11) and were 
carried oiU according to standard PCR guideUnes (Applied 
Biosystems). Sequences were assembled and edited using the 
SeqMan 11 and EditSeq software packages (Lasergene 8.0; 
DNAStar, Inc., Madison, Wl).
All fffijdogoietic analyses were conducted with InfoQuest FP 
software, version 450 (Bio-Rad). The methodology used was 
maximum parsimony clustering. Pbyfogram stabflity was as­
sessed by using parshncmy bootstrapping wkh 2,0(10 sinuila- 
tions and by using the Aspergdbts clavatus AY214441  ^ se­
quence as the out-group.
The phylogenetic tree grouped the 34 clinical isolates into 
three different dades consisting of 13 A . niger isolates, 18 A . 
tubir^ensis isolates, and 3 A  foetidus isolates (Fig. 1). Table 1 
shows p-tubulin gene idoitification, as wdl as the origin and 
susceptibility profiles of the isolrkes.
Antkungal suscqkibility testing (AST) was performed fol­
lowing the EUCAST Defink we Document B.DBF 9.1 method 
for the determination of broth dilutkm MICs of antifungai 
agoits for conidium-forming molds (17). Antifungai ranges 
used in the microdilutkn assays have been described previ­
ously (2). Endpoints were determined at 48 h. The oi^)ont 
for MEC determination was the minimal antifungai concen­
tration that produced morphological alterations of hyphal 
growth at 48 h. The paradoxical effect to kracrmazole was 
defined as an increase in growth occurring at least 2 drug 
dilutions above the MIC. AST was repeated at least twice on 
différait days.
Three différait oitifungal patterns were clearly distmguirii- 
able based on the itraconazole MIC values (Table 1): low and 
high itraconazole MICs and a third group (12 strains) showing 
an uncMomon paradoxical effect of this mitifimgal (5). Bkber 
those strains classified as paradoxical strains or those showing 
much higher kraconazole MICs also had higher MIC values to 
voriconazole and ravuconazole.
Posaccmazole showed better activity in vkro. Moreover, all
4514
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?
AY214441 (T) Aspergillus clavatus CBS 513.65
CM 3123 AspergiMus tubingensis
CM 3125 AspergiMus tubingensis
CM 3177 Aspergillus tubingensis
CM 3610 AspergiMus tubingensis
CM 4352 Aspergillus tubingensis
CM 4688 AspergiMus tubingensis
CM 4899 AspergiMus tubingensis
AY820009 AspergiMus tubingensis CBS 425.65
AY585527 Aspergillus tubingensis CBS 16179
AYB2GG07(T) Aspergillus tubingensis CBS 134.48
CM 3507 AspergiMus tubingensis
CM 3585 AspergiMus tubingensis
CM 3654 AapergiHus tubingensis
CM 4000 Aspergillus tubingensis
CM 4001 Aspergillus tubingensis
CM 4003 AqiergiHus tubingensis
CM 4005 AspergiMus tubingensis
CM 4264 AspergiMus tubingensis
CM 4296 AspergiMus tubingensis
CM 4897 AspergiMus tubingensis
CM 5094 AspergiMus tubingensis
AY585533 (T) Aspergillus foetidus CBS 56465
AY585534 AspergiMus foetidus CBS 56665
DQ768454 AspergiMus foetidus CBS 107.47
CM 4002 AspergiMus foetidus
CM 4995 AspergiMus foetidus
CM 5264 Aspergillus foetidus
CM 4213 AspergiMus niger
CM 4262 AspergiMus niger
CM 3506 Aspergillus niger
EF422213 AspergiMus niger CBS 113.33
FJ629280 CD Aspergillus niger CBS 554.65T
CM 3236 AspergiMus niger
CM 3672 AspergiMus niger
CM 4316 AspergiMus niger
CM 3636 AspergiMus niger
AV585537 Aqiergillus niger CBS 101699
CM 3257 Aspergillus niger
CM 3551 AspergiMus niger
CM 3586 AspergiMus niger
CM 5095 AspergiMus niger
CM 3641 AspergiMus niger
CM 4004 Aspergillus niger
FIG. 1. Phyiogeiietic tree usiag masmum parsimony phylogenetic analysis and 2,000 bootstrap simulatioag baaed on fi-tnbuiin gene sequences 
from all tke A ^rp U u s  section N igri atrains included in the stutty. Percenta^s indicate the bootstrap support for each group of sequences. (T), type 
strain.
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TABLE 1. Source, molecular identification, MICs, and MECs fw  species o f A ^e rp lk a  section NigyP
ItoM» Soune
Moleculai
ideatificaiioa
M IC  (mg/UlM)* M EC («g/litery
(P-hitwiia
gene) AMB ITC VCZ RVC POS TRB CAS M ICA
Isolates o f Aspergfiius section 
N iffi showing low 
ITC MICs
CM-3236 Respiratory A . n ig tr 0.19 0.5 0.5 10 0.12 1.0 025 0.03
CM-3257 Reqiiratoiy A . niger 0.25 1.0 10 10. 025 1.0 025 0.03
CM-3506 ReqiirMory A . niger 0.19 OJ 0.75 10 0.12 031 0.15 0.03
CM-3507 Respiratory A . udtingentis 0.19 0.5 10 15 0.15 0A2 0.06 0.03
CM-3585 Envkoomeatal A . tubingfuais 0.19 0.5 1.0 167 0.12 0.42 0.37 0.03
CM-3586 CMheter A . niger 0.25 0.5 1.0 20 0.12 0.12 1.0 0.03
CM-3636 Respiratory A . /itger 025 0.5 0.5 1.0 0.19 LO 0.25 0.03
CM-3641 R e^ratoty A . niger 0.25 OJ 1.0 10 0.125 025 0.5 0.03
CM-3672 Cntameow* A . niger 0.12 0.5 1.0 15 0.19 0.07 0.15 0.03
CM-4004 Unknown A . niger 025 1.0 1.0 167 025 0.13 0.10 0.03
CM-4213 Respiratory A . n ^ 0.33 0.14 023 028 0.03 022 0.39 0.03
CM-4264 Blood culture A . ttdfirtgensis 0.12 0.5 1.0 15 0.12 030 0.03 0.03
CM-4296 Respiratory A . tubingensis 0.12 0.75 10 12 0.19 0.62 025 0.03
CM-4316 Reqiiratory A . niger 0.19 0.5 0.5 10 0.125 0.5 0.25 0.03
CM-5094 Requratory A , tubingensis 0.12 0.5 0.75 20 0.06 0.62 0.19 0.03
CM-5095 
O M  for groiq>
Reqiiratory A . niger 0.19
020
0.5
0J6
0.75
0.82
12
121
0.12
0.14
0.62
0.50
025
028
0.03
0.03
Isdates of AqregiUus section 
N igri showing much 
h%ba ITC MICs
CM3123 Respiratory A . tubingensis 025 11 1.67 267 025 1.17 0.25 0.03
CM-%10 Reqkratory A . tubingensis 025 4.0 20 20 0.12 1.0 0.5 0.03
CM-4003 Urdmown A . tubingerais 0.12 16 20 40 025 1.0 0.25 0.03
CM-4005 Unknown A . tubingensis 0.12 16 20 40 0.5 025 0.5 0.03
CM-4688 Respiratory A . tubingerais 021 3.67 20 323 0.25 L50 0.18 0.03
CM-5264 
GM for group
Respiratory A . foetidus 0.12
0.18
16
11.11
20
1.95
8.0
4.0
0.5
0.31
0.5
0.90
0.06
029
0.03
0.03
Isoldes o f AtpagUlus sectkm 
N igri showiag 
paradoxical effect 
against ITC
CM-3125 Respiratory A . tubingensis 0.12 0.5 1 127 0.12 0.5 0.05 0.03
CM-3177 Respiratory A . tubingensis 0.16 1 2 323 0.25 0.67 0.05 0.03
CM-3551 Respiratwy A . nig/er 0.5 4.75 1 2 0.12 025 0.03 0.03
CM-3654 Blood culture A . ttMngensis 0.19 1 2 250 025 0.63 0.14 0.03
CM-4000 Unknown A . tubingensis 0.16 1 2 2 025 0.33 0.10 0.03
CM-4001 Unknown A . tubingensis 0.19 1 1.75 250 0.25 0.56 0.11 0.03
CM-4002 Unknown A . fo e tid 025 1 2 267 0.12 033 0.14 0.03
CM'C62 Ophthalmic A . niger 025 1 2 2 025 029 0.13 0.03
CM 4352 Respiratory A . ttibingenris 028 1 0.88 2 0.25 0.31 0.15 0.03
CM-4897 Blood culture A . tubingensis 0.16 1 2 2 0.25 0.42 0.10 0.03
CM-4899 Respiratory A . tubingensis 0.16 1 2 267 025 0.33 0.10 0.05
CM-4995 
GM fw group
Prosthesis A . foetidus 0.21
0.2
1
1.3
2
172
2
228
0.16
0.21
0.33
0.41
0.14
0.10
0.03
0.03
* GM, geometric means of MICs and MECs foe the steams within each group.
* M IC  geometric mean of amphotericin B (AM B), itraconazole (TTC), voriconazole (VCZ^, ravuconazole (RVC), posaconazole (POS), and terbinahne (TRB). 
'  MEC geometric stean of caspofuagin (CAS) and mkafungin (M C A ).
strains were susceptible to the rest of the following antifimgals 
tested: amphotericin B, terbinafine, and echinocandins.
In summaiy, A . niger MICs for itraconazole, voricmazole, 
and ravuconazole were slightly higher than A , fum ^atus MICs 
and even more so for A . tubingensis and A . foetidus MICs. 
Identificaticm of clinical isdates belrmging to AspergiUus sec­
tion Nigri and invdved m proven or [NobaWe infections Aould 
be to the ^xcies levd becmise it is tk  only way to monitor the 
development of secondary resistances of these molds (7, 8).
The paradoxical effect or “Eagle effect” (12) has been pre­
viously described for yeasts or A  fiim igatus but always in rda- 
tion to ednnocandins (5, 6, 19, 20). This is the first report
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showmg the paradoxical effect of azole drugs gainst Aspergil­
bis s{é>- The link between the paradoxical effect against itra­
conazole and a molecular medhanism respmsible for it is yet to 
be determined, as is the clinical knpact of those Aidingg. 
Therefore, hiither studies includkg experimental models of 
aspergillosis to address any in vitro/in vivo corrdations are 
warranted.
NucleoUde sequence accession numbers. GenBank accession 
manbers for fl-tubuhn gene fragnent setprences from all the 
drams used in this work are as fdlows; CM-3123:FJ828892, CM- 
3125:FJ828893, CM-3177:FJ828894, CM-3236:FJ828895, CM- 
3257:FJ828806, CM-3506:FJ828897, CM-3507:FJ828898i CM- 
3551;F3828899, CM-3585:FJ8289(X\ CM-3586:FJ828901, CM-3636; 
RJ828902, CM-3641:FJ8289Q3, CM-3654:FJ828904, CM-3672 
FJ828905, CM-3810:FJ828906, CM-4000:FJ828907, CM-4001 
FJ828908, CM-4002:FJ828909, CM-4003:FJ828910, CM-4004 
F3828911, CM-4005:FJ828912, CM-4213:FJ828913, CM-4262 
FJ828914, CM-4264FJ828915, CM-4296:FJ828916, CM-4316 
FJ828917, CM-4352:FJ828918, CM-4688:FJ828919, CM-4897 
FJ828920, CM-4899:FJ828921, CM-4995:FJ828922, CM-5094; 
FJ828923, CM-5095:FJ82892, and CM-5264:FJ828925.
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Resumen; Objetivos; Analizar el patron de sensibilidad de una coleccion de aislados 
clinicos de Fusarium. Métodos; Se analizô el patron de sensibilidad de 67 cepas de 
Fusarium. Las cepas fueron identificadas por métodos morfologicos y moleculares 
mediante la secuenciacion del factor de elongacion 1 alfa. Resultados y conclusiones: Se 
identificaron seis especies diferentes. La especie mas frecuente fue Fusarium solani 
seguida de Fusarium oxysporum, Fusarium proiiferatum y Fusarium verticiliioides. La 
anfotericina B fue el farmaco mas active in vitro (intervale; 0,015-32 mg/L). El reste de los 
antifungicos ensayados (itraconazol, voriconazol, ravuconazol, posaconazol y terbinafina) 
mostraron poca actividad frente a las especies de Fusarium confirmando la naturaleza 
multiresistente de este género.
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JAC
Antifungai susceptibility profile of clinical Fusarium sp. isolates 
identified by molecular methods
Ana Alastruey-Izquierdo, Manuel Cuenca-Estrella, Araceli Monzon, &nilia Mellado 
and Juan Lu6 Rodriguez-Tbdela*
Servido de Micologia, Centro Nacional de Microbialogia, Instituto de Salud Carlos III, 28220 Majadahonda,
Madrid, Spain
Received 20 July 2007; returned 30 October 2007; revised 3 December 2007; accepted 3 January 2008
ObfêethfÉt To anaJyM the eueceptltdllty pattern of a collection of Fusarium clinical leolatea.
MathodK The anttfungal eueceptibllity pattern of 67 leolatea of Fusarium was analysed. Strains wars 
Iderdimsd by merpholeÿcal and molecular methods by maana of aecpiencing atongadon factor «.
Rasidts and eonduslonsi Six different apedea were Identified. Fusarium solani was the moat fro* 
quentfy Isolated, followed by Fusarium oxysporum, Fusarium proUfaratum and Fuaarium vortlcUloldos. 
Amphotericin B was the only drug with in vitro activity (range: 0.015-32 mgAJ. The rest of the antifun- 
gala teatad (itraconazole, voriconazole, ravuconazole, posaconazole and terbinafine) showed very poor 
activity against Fusarium, confirming the multireaiatant nature of this genua.
Keywords: elongation factor a, anilfurgaj msistance, emerging moulds
Introductimi F solani is considered the most resistant. However, some data
pointed out that the resistance could be >^ecies and even isolate 
Fusarium  is a utuquitous fungus widely distribUed in soil, dependent.*^  The management of fusariosis is not well defined,
plants and different organic substrates. Fusarium  qiedes are Antifungals alone or in combinatimi togedier with other
inqxxtant as plant pathogens causing different diseases and measures such as surgical intervention or colony stiraulaUing
being re^onûble for important ecrmmnic loss. During recent growth factors have been used to treat these infections,
years, they have been increasingly associated with humans ruid However, the mortality rate exceeds 75% in disseminaled infec-
now represent the aectmd most firequent mould causing invasive tims and an ominous outcome is expected without die recovery
fungal fflfectimis in immuaosiqrpressed jwtients associOed with of the imraunosuppiessitni of the host.*^
high mmbidity and moitafity rates. The susceptibility or resistance to antifungai agents may
The gemis currently cmrtains over 100 q>ecies. The most not predict the individual clinical outcome of Fusarium  infcc*
common pathogens are Fusarium solani and Fusarium  tions, but it is well-known that some kind of association
oxysporum aldrough other qiecies have been reported as aetio- between high MICs and poor response to antifungai treatment
logical agents of human infection.^   ^Identification to species exists.Therefcve, the susceptibility profile of Fusarium
level of Fusarium  has been based on &e study of their morpAo- spp. could be valuable as an aid to choose the best antifungai
logical characteristics. However, isolates involved in human therapy. In addititm, since susceptibility could be specific to
krfections usually do not produce the characteristic morphology one species, definitive identification at the qpecies level by
ffiat allows its identification.* Ihus, recognition of Fusarium  to molecular methods may have climcal usefulness fcv the man-
^cies level is a laborious and time-consuming task only agement of Fusarium Mectioos.
reserved to trained mycologists.^  In order to solve this issue. The aim of this study is to analyse the activity in  vUro of 
molecular techniques have been developed to identify this differed antifungrd compounds agrunat a panel clinical strams
genus.*’’  of Fusarium  identified by a reference molecular technique,’  ctm-
Fusariian qip. ate resistant in vitro to many of the atuifimgal sisthrg of prutial sequencing of the translation elongation
cwnpormds licensed to treM fungal infections, and oncmg them, factor-1 a (EFla) gene.
"Correspondmg author. Tel: -1-34-918223919; Fax: 4-34-915097966; E-mail: jlrtudela@isciii.es
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Materials and methods
Strains
A total of 67 clinical isolates of Fusarium spp. were included in this 
study. The isolates woe obtained from a variety of clinical sources. 
Twenty-four strains were isolated from skin or nails, 16 frmn ocular 
samples, 13 from respiratory sites, 7 from Mood cultures, 1 from 
urine, 1 from pericardial fluid and 5 of imknown origin. Each isolate 
was obtatned frrnn a dtffrrmt patierrt. The isolates woe sent to 
the Mycology Referorce Laboratory of Natirmal Centre fot 
Mcrobiology of Spain during 2001-2007 for identification and sus­
ceptibility testing.
M orphological identification
The strains were subcahured in different media to ascertain their 
macroscopic md microsctqûc morphology. The media induded malt 
extract agar (2% malt extract) (Oxoid SA., Madrid, Spain), potato 
dextrose agar (Oxoid S.A.), oat meal agar (Oxoid S.A) and potass­
ium chloride agar (CIK, Oxoid SA).
An meÆa were incubated at 3 0 t except for CIK agar, which 
was incubated at room temperature with cycles of 12 b of light fol­
lowed by 12 h of dark.
methodology used was maximum parsimony clustering. Phylognun 
stability was assessed by parsimony bootstrapping wiffi 2000 
simulations.
A nt^ungal susceptibility testing
Mioodilutioo testing was performed following the CLSI reforence 
method,'* with the following minor modifrcations: (i) RPMI 1640 
was sttpplratented with glucose to read) a 2% coBcentration; and 
(ii) inoculum size was betwem 1 x lO’ and 5 x 10* cfu/mL. 
Inocula were prepared by means of cotmting spmes in a baemocyt 
«neter.” "”  Aspergillus funügetus ATCC 2004305 and Amergilhis 
flavus ATCC 2004304 were used as qudity control stratns.
The antiftmgal agoits used in the study were ampbotoicin B 
(range 16-0.03 mg/L) (Sigma-Akhkh Qufmica), itraconaole (range 
8-0.015 mg/L) (Janssen SA., Madrid, %iain), voriamazole (range 
8-0.015 mg/L) ^ z e r SA), ravucooazde (range 8-0.015 mg/L) 
(Bristol-Myers Squibb, Princeton, NJ, USA), posaconazole (range 
8-0.015 rng/L) (Schering-Plougb Research Institute, Kenilwotth, NJ, 
USA) and terbinafrne (range 16-0.03 mg/L) (Novartis, Basel, 
Switzerland). The endpoint was the utrfuagal concatration that pro­
duced a complete inbibiticm of visual growth at 48 h.
PCR and D N A  sequencing o f E F la  region
hfeulds were culnued in G YEP medium (0-3% yeast extract, 1% 
pqpttme, Difco, Soria Melguizo S.A., hfotkid, Spain) with 2% 
glucose (Sigma-Aldrid) Quimica, Madrid, Spain) for 24-48 h at 
30°C. Genomic I3XA was isolated using an extraction procedure 
described previously.'*
DNA segments comprising a region of the EFa region were 
ampUfled with primers EFl (5' ATGGGTAAGARGACAAGAC 3') 
and EP2 (5' GGARGTACCAGTSATCATGTT 3'),* in a GeneAmp 
PCR System 9700 (Applied Biosystems). The reaction mixtures con­
tained 0.5 pM of each prima, 0.2 p M  of each deoxynucleoside tri- 
phoqffiate, 5 pL of PCR 10 x buffo (i^ tpUed Biosystems, Madrid, 
Spam), 2.5 U of Taq DNA polymerase (Amj^ taq; Applied 
Biosystems) md 25 ng of DNA in a final volume of 50 |iL. The 
samj^ es were amplified in a GeneAmp PCR Syston 9700 (Applied 
Biosystems) by using the foUowing cycling parametos: one initial 
cycle of 5 min at 94°C, followed by 35 cycles of 30 s at 94"C, 45 s 
at 47°C and 2 min at 72T, with one final cycle of 5 min at 72°C. 
The reaction products were analysed in a 0.8% agart»e gel.
Sequenctng reactions were done with 2 pL of a sequencing kit 
(BigDye Terminaor cycle sequencing, ready reaction: Apfdied 
Biosystems), 1 pL of tte pimers (EFl and EF2) and 3 pL of the 
PCR prockiGt in a final volume of 10 pL.
Sem ences analysis
Sequences woe assembled and edited using the SeqMan II and 
EditSeq software packages (Lasergene; DNAstar, Inc., Madison, 
WI, USA). SeqiKBce analysis was performed by comparison of 
the DNA sequences with EFa sequences of Fusarium spp. strains 
(with accession nos: DQ246834, DQ247188, AY337433,
AY337436, AIW8480, AY337437, AJ543560, AJ543570, DQ295140, 
DQ295141, DQ295142 and DQ246834) obtained from the GenBatdc 
database (http/wwwncbi.nih.gov/Go)Bank/).
Phylogenetic analysis
All phyfogenetic analyses were conducted with InfoQuest FP soft­
ware, version 4.50 (BIORAD Labmatories. Machid, Spain). The
Results
Identification o f Fusarium  to species level
All isolates were idetttified to genus level by means of observation 
of morphology characteristics.*’^  The morphological identift- 
cation of F. solani, F. oxysporum and Fusarium verticillmdes 
is foaigbtforward. However, die proper identification of other 
i^ wcies such as Fusarium proiiferatum , Fusarium retkulcuum  or 
Fusarium equiseti requires sequencing of EFa. In miy case, the 
cmfirmation of species was obtained by means of maximum 
parsanony analysis of the EFa sequences. Figure 1 Aows a 
rooted cladognm widi a sample of clinical isMates. AH ciades 
m the tree had bootstnqi values of 100 whidi mpport the use of 
EFa as correct target for molecular identification Fusarium vpp. 
In order to facilitate the visualization of die cladogram, 
some isolates were not included in Fignxe 1, but toe qwcks 
distribution and the bootstnç values were identical. Among 67 
clinical strams, 22 were F. soUmi, 14 F. oxysporum, 14 F. prolife- 
ratum, 13 F. verticilloides, 3 F. equiseti and 1 F. reticulatum.
A n t^ n g a l susceptibility testing
The geometric means (GMs) and ra^es of the MICs of antiAm- 
gal treats are shown in TaUe 1. In all experiments performed, 
MICs fcM* quality control strains were in the expected range.
Am f^fioteiicin B was die most active agent against Fusarium  
spp., its GM MIC being 1.15 mg/L The numbers of isolates for 
which MICs of anqfooteridn B were >2 m gfL diffoed depend­
ing on die species: 12 out of 22 (54.6%) F. solani, 9  out of 14 
(64.3%) F prolifereuum, 4 out of 13 (30.8%) F. verticilloides 
and 1 out of 14 (7.1%) F. oxysporum had MICs >2 m g/L.
Azole drugs aad terbtoafine had high MICs for meet 
Fusarium  spp. (Table 1). Ordy 12.1% of strains tested widi posa- 
ctmazole had MICs of <1 mg/L dropping to 4.5% for kracona­
zole Old vmiconazole.
Regani^ species, based on otn m vitro data, dte moM reriat- 
ant isolates in this study were F. solani for which MICs, of
806
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100
100-
100
ICO
too
100
100
100
DQ295I41 FUMiriwH reticuUaum
IXJ295H2 FMorhmt miadutum
DQ295I40 Ftaarimt rtticvUtluM
CM 3913 Fusarhm /vtiealalum PericaMlic liquid
AJ543570 Fvs4iriuin eqwaeti
CM 2521 Fn-wium NsU
CM 3647 Fusarhmt wfwseli Nail
CM 2668 Fvsuhum SIcm
AJ543560 Fu:ftirium tufuiteli
CM 3694 Fwkiriim toUmi Ocular sample
— . CM 4025 Fumirium aolaai Cometd exudate
CM 3667 Fuifurimi yoUm Wound exudate
k .
DQ246834 Fustanum ytdani
CM  3*17 t'taaiium soUmi Ocular sample
CM  24*9 Fiaarium soUmi Octdar sample
CM 2522 Fuyarium mtUmi Ocular sample
CM 296* Ftaarium 3oUmi illood cukurc
CM 3100 Fiaarium JoUmi Nail
CM 41*2 Ftaarium soitmi Ocular sample
CM  4273 Fiaarium yoUmi Ocular sample
CM 1917 Ftaarium yoiatri Uiood culture
CM 2944 Ftaaritam aoUmi Subcutancus aadttic
CM  2622 Ftaarium vcrtidUkrides Stdicutancus tissue
CM 30*8 fusarium vtrtknUkmks Sputum
CM 3098 Ftaarium vtniciUUùdes Skia
CM 3136 Ftaarium vertlciUioiJes Sputum
CM 3155 Ftaarium varticiUiekks Sputum
CM 3359 Fiaarium verticiUioides Sputum
CM 37*6 Fusarium verticiUioiJea Nasal saample
CM 3*39 Ftaarium verticiHioldes Nasal exudate
CM 24*6 Ftaarium verticHiiohks Nail
CM 3099 Fusarhan oxysporum Bnmchial u^rate
CM 3111 Fusarium oxyyporum Sputum
CM 3131 Ftaarium oxr^ mrum Sputum
CM 3218 Ftoarhtm oxysporum Unknown
CM 3649 Ftaarium oxysporum Nail
CM 2679 Fusarium mcysporum Blued culture
CM 364* Ftaarium oxysporum Sputum
CM 37*4 Fusarium oxysporum Ocular exudate
CM 2*05 Ftaarium prolifrraum Nail
CM  3337 Fusaritatt proliferatum Nail
CM 42*0 Fusarium proiifenaum Nail
CM 4345 Fusarium /iroliferatum Nail
CM  2726 Ftaarium proliferatum Nail
Fiean 1. Ffaylogcoetic tree of the sidwet of isolates included in ±e  study obtained by unmg ■■inauni paramoay phylogenetic anatyies and 2060 bootUngi 
ajamdatioma based on EFlo sequences.
kntctaazok, voriccnazdk, ravucooazole, posaconazole and tettu- 
nafiae were >8 n^/L, but where Ae GM MIC of am(diotericiii B 
was 133 mg/L.
Discusdon
Idei^ ficatkMi of motdds to species level by classical tnethods^  is 
a cumbersome and time-consuming task. The expertise required 
is mly availrdde in reference labmaSmies, and even in them.
rU least five woddng days rec requked to idet^fy a mould 
isolate to a species level by means of moqdtology observation. 
New meAods are needed in order to accomplish die identi- 
ficatkm on time to be useful for clmical management of the 
patient. Rtqnd moleoilar meAods are bemg developed and drey 
will probaWy replace the classicsd ones m the near future, ht the 
meantime, proper identification of clinical isolates together whh 
an antifimgal susceptibility pofile of them can he^ provide 
better treabnent fm* patients infected wife moulds. One of the 
main advantages of molecultf methods is their sensitivity and
807
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Table 1. AnüA»%al suKeptibility resuhs of climcal isolates of Fusarium spp.: MIC GMs and ireiges
Fusarium spp.
MIC (mg/L)
amphotericin B itraconazole vwicooazole ravucooazole posacooazole tetbina&ie
GM range GM range GM range GM range GM raige GM range
F. solam (22) 1.33 0.5-8 16 16-16 14 4-16 16 16-16 16 16-16 29.96 16-32
F. verticilloides (13) 1.53 0.5-32 10.44 1-16 8 1-16 8.98 2-16 3.23 0.25-16 3.23 1-32
F. oxysponm (14) 0.78 0.12-2 11.31 1-16 4 0.5-16 8 1-16 4.63 0.06-16 10.77 0.5-32
F. proUferatian (14) 1.56 1-4 16 16-16 9.28 4-16 15.23 8-16 11.89 2-16 3.62 1-32
F. equiseti (3) 0.79 0.5-1 16 16-16 4 4-4 16 16-16 2 2-2 10.08 4-16
F. reticulatum {D 0.015 16 1 1 1 0.25
Total (67) 1.15 0.015-32 13.7 1-16 8 0.5-16 11.89 1-16 7.43 0.06-16 8.79 0.25-32
specificity, being fully discriminative even for closely related 
^ecies. The majority of molecular methods are PCR-based tech­
niques and use either specific probes or universal primers that 
are normally directed to conserved regions of fee ribosomal 
DNA gene, particularly to fee internal transcribed spacer (ITS) 
regkms.^’^ ’^
In the case of Fusarium  spp., sequencfeg of ITS analysis is 
considered imreliable for identification of stnuns because they 
contain two paralogous, discrepant ITS sequence types, which 
are a potetUial source of confitsimt.^ '^^  ^Ofeer genes have been 
used for the identification of Fusarium  and EFa has shown 
optimal resuhs.^ ’^ ’^^  In this study, we have performed molecular 
identification wife BFa and we have been able to differentiate 
among all the species analysed, as shown in Figure 1.
Up to iMw, over 15 q)ecies of Fusarium  have bear reported 
to cause infections in humans and animals, the most frequent 
aetiological agents being F. solani and F. oxysporum, but other 
species such as F. verticilloides, Fusarium chlamydosporum, 
Fusarium dimerum, Fusarium naptforme, Fusarium nygamai, 
F. prol^eratum  and Fusarium sacchari have also been reported 
in sevêal cases of human in f e c t io n s . I n  our collection, 
46% of the strains belonged to species relatively infiequent as 
F, proliferatum  (14 isolates), F. verticilloides (13), F. equiseti 
(3) and F. reticulatum  (1). No other species encountered in other 
studies and related with human clinical samples were identified 
in this study. This fact could have been due to ecological 
reasons but it might be also due to not all fungi isolated fw 
human sources being sent to a refemrce labmatmy.
hi this study, no activity in vitro of azoles drugs and terbina- 
fine was detected against most of the isolates of Fusarium  
(Tifele 1). Amphotericin B has been the only drug that has 
shown activity in  vitro against all fee Fusarium  species analysed 
wife GM of 1.15 mg(L. Susceptible strains to this drug, wife 
MICs of <2 mg/L were found: 13 out of 14 (92.9%) 
F. oxysporum isolates, 9 out of 13 (693%) F. verticilloides, 10 
out of 22 (45.5%) F. solani, 5 out of 14 (35.7%) F. proliferatum  
and all isolates of F. equiseti and F. reticulaaan. Azor et a l.^  
have recartly described the antifungal susceptibility profile of 
50 clmical and enviroomerUal isolates of F. solani. MIC results 
were similar to feose obtained in this work, amphotericin B 
being the mo^ active feng.
Optimal treatment fw Fusarium spp. has not yet been estab­
lished. At best, response rates to antifungals such as lipid
an^oteridn B, voriconazole or posaccmazole have ranged 
between 45% md 48%.“ ’^ ^® Kontoyiannis et a l.^  have ana­
lysed the irrçact on neutrophil recovery in the omcmne of fuaar- 
iosis. They crmcluded that feis is fee moat impmtantpiedictm’ of 
outcome. Other works have found similar results.” ’ Taking 
into consideration feat recovery from neutropenia is the most 
important factor, it would be better to treat these infections with 
the antifungal showing the highest in vitro activity r^ amst the 
isolate. In that way, we could gain enough time to enable fee 
patient to recover a normal immune status. However, antifuegal 
patterns regarding species cmild not be established by the data 
oNained and therefore we cannot make recommendations based 
on fee idoitification of the isolate. However, as some isob^  
had lower MICs of ranpfecAericin B, voticoaazole md posacona- 
zole, antifungal susceptibility testing could identify feose iso­
lates and help kr the treatmmt of the patients.
Thus, as the susceptibility profile is isolate dependent, afei- 
fungal suscqrtibility testing should be performed for any 
Fusarium  involved in an invasive fungal infection.
In summary, morphological and molecular ideat^ cation of 
Fusarium  species is cumbersome and should be restricted to lab­
oratories wife fee required experience. An ahemative for labora­
tories without the necessary experience could be the 
identification to genera level, but any strain isolated from a sus­
pected invasive fungal infection should be identified to species 
level and its antifungal susceptibility profile determmed. Rom a 
practical point of view, we have to bear in mmd that Fusarium  
species is a multiresistam microwganism, as this work has 
demonstrated with a coUectimi of clinical strains conclusively 
identified by molecular mefeods. However, as there are isolates 
wife lower MICs, a joint effort should be initiated in order to 
determme if feere is any kind of correlatioo among outcome o( 
the patient, species idoitification and rmtifungal susceptifelity 
profile of the isolate.
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Resumen; Las especies de Fusarium son hongos filamentosos saprofitos qua causan 
infecciones localizadas o diseminadas an humanos. Las infaccicnas disaminadas causadas 
per Fusarium llavan asociadas unas tasas da morbilidad y mortalidad an paciantas 
inmunodaprimidos muy altas. En esta articule sa présenta al caso de un pacianta con 
laucamia linfoblastica aguda con una fusariosis disaminada causada por Fusarium 
verticiiiioides y tratado satisfactoriamanta con anfotaricina B y voriconazol.
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Fusarhtm species are saprephyUc awWs which cause dbseaiinated or localized ioTectioms im humans. 
Disseminated Fusarium infectJon can cause signlBcant morbidity and mortality in immunocompromised 
patients. We present a case of disseminated hrsarlosls caused by Fusarium vertidUioides In a paUent with 
acute tympheblastk leukemia and successhilly treated using both liposomal amphotericin B and 
voricMMZole.
CASE REPORT
A 12-year-old boy underwent allogeneic hematopoietic stem 
cdl transplant (allo-HSCI) from unreWed cord blood for 
high-risk acute tym|feoblastic leukemia in its first conofdete 
remission. The conditioning r^imen included busulfex ^2.8 
mgjkg, of body weight), etoposide (40 mg/kg), and cyclophos­
phamide (120 mg/kg). For graft-versus-host-disease projdiy- 
laxis, cydosporine A was added on day -1  but swUdied to 
mycqiheaolate mofetfl due to severe allergic reaction. By the 
fourth day after the t rampant, he was in severe neutropaiia 
(<0.1 X 10^  neutrq}hils/pl) and became febrile, and antibiotic 
treatment (meiopenem) was initiated for febrile neutropenia. 
Although the fever disappeared withm few days of antibiotic 
onset, on day 23 posttransplant, he again became febrile, and 
treatment with l^smnal amphotericin B (LAmB) was then 
started, with a dosage of 3 mg/kg/day. Cultures of separate 
Wood samples obtained percWaneously and from a central 
venous catkter yielded coagulase-negative Slajdiyhcoccus epi- 
dermidis, and teicopianin was added. On day 59 posttransplant, 
the patioit developed multiple dun lesicms, starting from the 
eadronities and ;^ reading to the face and trunk. The leskms 
had necrotic caters surrounded by ^reading erythema (Fig. 
1). A biop^ of the skin lesion showed the presence of his- 
topathological tynqXoms consistmt with a sq>tate pathogenic 
mWd, and blood cultures taken on the same day were positive 
for a Fusarium species.
The diagnosis of disseminated fiisariosis was establidred, 
and LAmB was raised to a dose of 5 mg/kg/d^. During the 
days foUowii%, the lesions worsened and treatmait with vori­
conazole (loading dose, 6 mg/kg/d^, followed by 4 mg/kg/day
* Careqxmdimg author. Mailing address: Akdeniz University Med­
ical Facuhy, D^aitment of Medical Microbiology, 07070 Antalya, 
Turkey. Phoie: 0090-242-2496914. Fax: 0090-242-2272535. E-mail: 
dogunc@akdmuz.edu.tr.
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intravenously every 12 h) was initiated. A chest X-ray and a 
high-resWution computed tomogr^ )fay scan of the lungs were 
normal. Since profound neutropenia still contimied, it was 
accqjted thW the patient had graft failure and new, unrelated 
donor search was started. Since a fiiUy HLA-matched donor 
was not available, the patient underwent perqfeeral Wood stem 
cell transfdantation from a 9/lOmatched, unrelated donor on 
day 82 posttransplant. The conditioning regimen included <y- 
doffeos^bamide (1%) mg/kg), and for graft-versus-host-disease 
proph^axis, antithymocyte globulm (60 mg/kg), mycopheno- 
late mofetil, and methotrexate were used. Neutrophil engraft- 
mait occurred on day 13 posttrans]^ ant. Combmed-antifungal 
therapy and antifungal therapy with only vorkonazole were 
amtinued until the ends of first and third months after p e rc ­
erai blood stem cell tranq)l^tation, respectively. Two weeks 
after disccmtmuation of voriconazole therapy, the patient de- 
vWoped sweBing md increased heat in the rC t knee joint and 
tenderness on movement, consistent with the diagnosis of ar­
thritis. The pMient was not neutropenic. On the days fWlowmg 
other joints also became affected. Examination of synovial fiuid 
obtamed from the right knee disclosed two or three granulo­
cytes, and it was transudative. Culture yielded Fusarium  spp., 
and combined-antifimgal therapy with LAmB and voricon- 
azWe was restarted, and although the severity of the tymptoms 
reduced, th^ did not disappear con^etely. Successive blood 
ctdtures wklria 15 days were found sterile. LAmB th e r^  was 
cmtinued for 1 month, and at the end of 1 month, he was 
dischaiged home on oral voriconazole alone.
The macrosccpic and microscopic morphologies of isWated 
Fusarium sp, were examined, and it was identified as Fusarium  
verticiUioides oa the basis of these diaracteristics. In short, it 
has a cottony colony with whhe aerial mycdium tinged with 
purple with a colorless reverse macroscopkally (Pig. 2). In 
microscopic examination, it was found to have sqptate and 
hyaline hypbae; conidiophores arising lateral^ from hyphae in 
the aeriai nycelium, qwsely brsmched; and abundant micro-
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FIG. 1. Multiple necrotic skin lesions on the patient’s leg.
conidia, in chains, OYoidal to ciavate. Conidiogenoiis ceils are 
raonophialidic (Fig. 3).
Molecular identification was performed in order to confirm 
the identification to the species level. The Fusarium isolate was 
cultured in G YEP medium (0.3% yeast extract, 1% peptone; 
Difco, Soria Melguizo S.A., Madrid, Spain) with 2% glucose 
(Sigma Aldrich Quimica, Madrid, Spain) for 24 to 48 h at 30°C. 
Genomic DNA was extracted by using a previously described 
procedure (10). DNA segments comprising a region of elon­
gation factor alpha (EFa) and the internal transcribed spac­
ers (ITS) were amplified with primers EFl (5'-ATGGGTA 
AGARGACAAGAC-3'), EF2 ( 5 -GGARGTACCAGTS 
ATCATGTT-3'), ITS! (5'-TCCGTAGGTGAACCTGCG 
G-3'), and ITS4 (5'-TCCTCCGCTrATrGATATGC-3') in a 
GeneAmp 9700 PCR system (Applied Biosystems, Madrid, 
Spain) (11, 21). The reaction mixtures contained 0.5 p.M of 
each primer, 0.2 fxM of each deoxynucleoside triphosphate, 5 
|j l 1 of lOx PCR buffer (Applied Biosystems), 2.5 U Taq DNA 
polymerase (Amplitaq; Applied Biosystems), and 25 ng of 
DNA in a final volume of 50 p.1. The samples were amplified in 
a GeneAmp 9700 PCR system (Applied Biosystems) by using 
the following cycling conditions; 1 initial cycle of 5 min at 94°C, 
followed by 35 cycles of 30 s at 94°C, 45 s at 47“C (EFa) or 
56°C (ITS), and 2 min at 72°C, with 1 final cycle of 5 min at 
72"C. The reaction products were analyzed with a 0.8% aga­
rose gel.
Sequencing reactions were done with 2 p,l of a mixture from 
a sequencing kit (BigDye Terminator cycle sequencing ready 
reaction; Applied Biosystems), 1 pi of the primers (EFl, EF2,
ÎTS1, and ITS4), and 3 pi of the PCR product in a final volume 
of 10 pi.
Sequences were assembled and edited using the SeqMan II 
and EditSeq software packages (I^sergene; DNAstar, Inc., 
Madison, WI). Sequence analysis was performed by comparison 
of the DNA sequences with EFa sequences of Fusarium strains 
(with accession numbers DQ246834, DQ247188, AY337433, 
AY337436, AF008480, AY337437, A.I543560, AJ543570, DQ 
295140, DQ295141, DQ295142, and DQ246834) obtained from 
the GenBank database (http://www.ncbi.nih.gov/Genbank/).
All phylogenetic analyses were conducted with InfoQuest FP 
software, version 4.50 (Bio-Rad laboratories, Madrid, Spain). 
Blood and synovial fluid isolates were identical according to 
DNA sequence analysis.
The in vitro susceptibilities of F. verticiiiioides to antifun­
gal drugs were determined using the broth dilution method, 
following the European Committee for Antimicrobial Sus­
ceptibility Testing procedures (19). This standard is similar 
to the one published by the CLSI (formerly NCCLS) refer­
ence method for broth dilution antifungal susceptibility test­
ing of filamentous fungi, but with the following minor mod­
ifications: (i) RPMI 1640 was supplemented with glucose to 
reach a 2% concentration and (ii) the inoculum sizes were 
between 1.0 x  10  ^ and 5.0 X 10  ^ CFU/ml (1, 3, 16, 18). 
Inoculum preparations were performed by counting spores 
in a hcmatocytometer. Aspergillus fumigatus ATCC 2004305 
and Aspergillus flavus ATCC 2004304 were used as quality 
control strains.
The antifungal agents used in the study were amphoteri­
6 2 -
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FIG. 2. Macroscopic colonies on Sabouraud dextrose agar with purple aerial mycelium.
cin B (range, 16 to 0.03 pg/ml) (Sigma Aldrich Quimica), 
itraconazole (range, 8 to 0.015 pg/ml) (Janssen Pharmaceu- 
tica S.A., Madrid, Spain), voriconazole (range, 8 to 0.015 
pg/ml) (Pfizer S.A., Madrid, Spain), posaconazole (range, 8 
to 0.015 pg/mi) (Schering-Plough Research Institute, Ken­
ilworth, NJ), and terbinafine (range, 16 to 0.03 pg/ml) (No­
vartis, Basel, Switzerland). The endpoint was the antifungal
concentration that produced a complete inhibition of visual 
growth at 48 h.
The antifungal susceptibility results for the blood isolate 
were as follows: amphotericin B, 1 pg/ml; itraconazole, >8 
pg/ml; voriconazole, 4 pg/ml; posaconazole, >8 pg/ml; and 
terbinafine, 2 pg/ml.
The antifungal susceptibility results for the synovial fluid
FIG. 3. (Left panel) MiCTOscopy showing septate and hyaline hyphae, abundant microconidia, and monophialidic conidiogenous cells. (Right 
panel) Microscopic morphology o f microconidia in chains in potassium chloride agar.
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isdate were as folows; tonphotericin B, 2 pg/ml; itraconazde, 
>8 pgW; voriconaztrie, 8 pg/ml; posaconazole, >8 pg/ml; and 
terbinafine, 4 p /^ml.
Fusarium  spedes are s^roffeytic molds that are prevalent in 
the soil and air. They can cause local cutaneous infections and 
infections of surgical and bum woimds. However, this fungps 
has cauÿit particular attention as an anerging pathogen of 
immunocompromised patients with involvement of multiple 
organs and ntunerous skin lesions (5,13).
The Fusarium  spp. most frequaitly involved in human 
infections are Fusarium  solani, Fusarium  oxysporum, and 
Fusarium  verticiiiioides (6, 12). Of note, in tissue samj^ es 
Fusarium  spp. are often confused yi'tth. Aspergillus spp., as 
both pathogens have similar histopathologic appearances, 
with septate, dichotomously branching hyjfeae (8). Yet, 
therapeutic options are scarce, and mortality reaches 80 to 
90% in patients subjected to allo-HSCT (14, 20). We de­
scribe a pediatric allo-HSCT patient with disseminated fusa­
riosis who responded to early combmation of voriconazole 
and LAmB.
The ^idemiology of fungal infectimis in hemtqwietic ston 
cell transpriant recÿients has changed in the last 20 years. 
Candida species were stffl the most frequent agents of invasve 
mycoses (15). In recent years, invasive fiingal infections caused 
by Aspergillus spp. and other emerging nwlds, arch as Fusarium  
spp., have increased in frequency in hemopoietic #em cell 
tran^ant reorients (14). Invasive fusariosis can be life-threat- 
ming, and treatment options are Iknited. The increasing inci­
dence, rapid progression, and high mortality rates of invasive 
fusariosis have necessitated eady aggressive management of 
pati«its. There is no definitive effective treatment of mvasive 
fusariosis. Currently, high-dose ampfeotericin B and its lipid 
formulatkms are the primary treatmart for invasive fusariosis. 
Qqpanded-spectrum triazoles, partkulariy voriconazole and 
posaconazole, have also bew used, and voriconazole is ap­
proved as front-line treatment for fusariosis (2, 15).
Fusarium  spp. are very resistant to antifungal agents. Differ­
ent iq>ecies may ekbibit variable susceptibflity patterns. In the 
case of isolation of the organism, it is recomm^ded that an­
tifungal susceptibility testmg be performed and that the active 
agent be administered at the highest tderable dose (15). In the 
presaited case, the MICs of ampriioterréin B and voriconazole 
were 1 p.g/ml mid 4 p.g/ml, respectively. Because of the h i^  
mortality rate of mvasive fusariosis under monother^, new 
treatment strategies, such as cmnbination therapy, can be con­
sidered life-saving (9). At presort, no randomiz^ prospective 
studies evaluating combination therapy for invasive fusariosis 
are available. There are isolated case reports of successful 
treatment of invasive fusariosis with an amphotericin B and 
voriconazole ccnnbmatkm. All of these case rqiorts showed 
that the efficacy of combinatkm therapy is better than that of 
monotherapy fw fimgal infections (4, 7, 17, 20). Our patient 
was successfully treated with cmnbfeation therapy of anqffio- 
tericin B mid voriconazole, suggesting that the combination 
therapy is a potmtial alternative for patients with invasive 
fusarioris.
This study was supported by the Akdeniz Umverrity Scmitific Re­
search Unit.
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Resumen; Se analizo el perfil de sensibilidad a los antifùngicos de 77 aislados clinicos de 
mucorales identificados mediante la secuenciacion de la region ITS. Se compararon los 
resultados de las CMIs obtenidas a las 24 y 48 boras. La Anfotericina B fue el antifungico 
mas active frente a todas las especies menos Cunninghamella y Apophysomyces. El 
posaconazoi mostro también buena actividad para todas las especies menos 
Cunninghamella bertholletiae. El voriconazol fue inactive frente a todas las cepas 
ensayadas. La terbinafina tuvo buena actividad excepte para los aislados de Rhizopus 
oryzae, Mucor circinelloides y Rhizomucor varia bills.
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The aatiAingal susc^tlbilU y profiles o f 77 c linka l strains of Mucorales species, identified by in te rn il 
transcribed spacer sequencing, were analyzed. MICs obtained at 24 and 48 h were compared. Amphotericin B 
was the most active agent against a li isoiates, except for CumtingftameUa and Apophysomyces isolates. Posacon­
azole also showed good activity for a ll species but Cututin^tameUa berthoOeUae. Voriconazole had no activity 
against any of the bingl tested. Terbinafine showed good activity, except for Rhizopus oryzae, Mucor cirdueU 
Iddes, and Sbizoomcor rartabilis Isolates.
Mucormycosis (zygomycosis) is an aggressive and usually 
fatal human infectimi. The most common etiologic agents are 
Rhizopus spp., although other species have also been associ­
ated (19). Most cases of disease occur among immunocompro­
mised individuals (18). Recently, an increase in the number of 
cases of mucormycosis has be^ observed (10, 11, 26). This 
increase has been particulady evident since the advmt of vori­
conazole prophylaxis and treatmait of aspergillosis infection in 
immunocompromised patioits (20, 24, 27).
The gold standard therapy has not been well defined yet. It 
usually requires a combination of antifungal treatment, surgi­
cal intervaition, and control of the underlying risk fectors (19). 
The agent of choice for treating this infection is amphotericin 
B (5). However, mortality remains high, even with aggressive 
therapies. Posaconazole has been successfully used in salvage 
therapy for mucormycosis. In addition, other antifungals have 
potential utility in mucormycosis treatment.
Species identification is epidemkriogically and clinically im­
portant, because Mucorales species can eafeibit differences in 
their antifungal in vitro susceptibilities (4, 5). Unfortunate^, 
identification by morphdogy examination requires a high level 
of expertise.
The in vitro activity of posaconazole and those of five other 
antifungals against 77 clinical Mucorales isolates identified by 
sequaicing the internal transcribed ^acer (ITS) ribosomal 
DNA region are compared. For Muccnales species, CLSI and 
the Bur(^ )ean Committee for Antimicrobial Susceptibility 
Testing of the European Society of Clinical Microbiology and 
Infectious Diseases recommend obtaining endpoint data at 
24 h. However, since growth rates across the Mucorales species 
are not uniform, MICs obtained at 24 and 48 h were compared 
in order to ascertain whether there are differences in the re­
sults obtained at those two different times.
IdentificatioB o f the strains. Seventy-seven clinical isolates 
of Mucenales species were obtained between 1999 and 2008 in
* Correspcfflding author. Mailing address: S^vido de Micologia, 
Centro Nadonal de Microbiologia, Instituto de Salud Carios III, Ctra. 
M^adahfflida PozueJo km 2 28220, Majadab<mda, Spain. Mione: 
34918^919. Fax: 34915097966. E-mail: jlrtudela@isdii.es.
'  Published ahead of print on 26 January 2009.
the Mycology Reference Laboratory of the National Centre for 
Micrtfeiology of Spain. All isolates were identified to the gaius 
level by means of moiphology determinations by following the 
usual procedures (7). In addition, all strains were identified to 
the species level by analyzing the ITS sequences by parsimony 
analysis as described before (2). Rhizopus oryzae and M ucor 
circineUmdes were the species most frequently encountered. 
Smaller numbers of isolates of species of other genera such as 
Rhizomucor, Cunninghamella, and Mycocladus were found. 
Two strains ofActincm ucor elegans and one of Apophysomyces 
d^ans  were also found.
The identification of members of the Mucorales genus to the 
qiecies level is a hard task, even for well-trained mycologists. 
Kont(yiannis et al. (11) have shown discordance of more than 
20% between ITS sequencing results and morphological iden­
tification for this group of fungi. Sequencing of appropriate 
targets should be considered the gold standard for identifica­
tion. In this study, the analysis of the ITS sequences allowed us 
to identify all species, indicating that the ITS region is an 
appropriate molecular target for identification of these fungi. 
The only clade not siq>ported was that formed Rhizomucor 
variabilis andAf. circinelloides. R. variabilis has previously been 
found to be more closely pbylogenetically related to M ucor 
species (28). Molecular data, together with susceptibility pro­
filing, also support this finding.
Aotiftingal suscept8>ility testing. Microdilution testing was 
performed by following the guidelines provided by the Euro­
pean Society of Clinical Microbiology and Infectious Diseases 
in European Committee for Antimicrobial Suscepttility Test­
ing definitive document BJDBF 9.1 (1, 17, 22, 23). A^ergiUus 
Jumigatus ATCC 2004305 and Aspergillus flavus ATCC 
2004304 were used as quality control strains (23). The antifun­
gal agents used were amphotericin B (Sigma Aldrich (Jufmica 
S.A), krac(Miaz(^ e (Janssai Pharmaceutka, Madrid, Spain), 
voriconazole (Pfizer SA., Madrid, Spain), ravuconazole (Bris­
tol-Myers Squibb, Princeton, NJ), posaconazole (Schering- 
Plough Research Institute, Kenilworth, NJ), and terbina&ie 
(Novartis, Basel, Switzerland). Visual readings were per­
formed with the help of a mirror at 24 and 48 h. The endpoint 
was the antifungal concentration that produced a complete
1686
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TABLE 1. Geometric means aod MIC ranges of the antifungal agents tested with the 77 Muamles isolates
Organmm (oa of isolates) Antifuqgat agent
MIC (mg/Ilter) at 24 h MIC(ntg/Uter)at48li
GM" Range GM Range
JVfizopus oiyioe (26) Amphoteridn B 0.29 0.03-32 1 0.125-32
Itraconazole 4 0.125-16 6.96 025-16
Voriconazole 12.13 4-64 16 8-64
Ravuconazole 1 0.25-16 1.32 025-16
Posaconazole 1.15 0.06-16 2 0.06-16
Tetbinafine 24.25 16-32 32 16-32
Mucor drcindloides (20) Amphoteridn B 0.05 0.015-0.125 0.15 0.06-1
Itraconazole 11.89 1-16 16 1-16
Voriconazole 16 8-64 16 1-64
Ravuconazole 11.89 1-16 13.13 2-32
Posaconazole 1.49 0.25-16 269 025-16
Tetbinafine 21.53 2-32 32 1-32
Mycocladus corymbifer (7) Amphoteridn B 0.08 0,03-0.25 0.14 0.06-025
Itraconazole 0.68 0.125-16 1.35 025-16
Voriconazole 14.49 8-16 16 16
Ravuconazole 1.22 0.5-4 2 1-8
Posaconazole 0.41 0.125-16 0.67 025-16
Terbinafine 0.5 0.25-16 1 0.5-32
Q*rmingkamella bertholletiae (6) Amphoteridn B 7.13 2-32 7.13 2-32
Itraconazole 3.17 0.5-8 10.08 4-16
Voriconazole 16 8-32 16 8-32
Ravuconazole 8 4-16 1213 8-16
Posaconazole 230 0.5-8 4.59 1-16
Terbinafine 0.40 0.03-16 0.49 0.03-32
Rhizopus m icrohm s  (6) Amphoteridn B 0.45 0.25-1 0.89 0.5-1
Itraconazole 1.59 0.5-16 3.56 0.5-16
Voriconazole 8 4-16 8.98 4-16
Ravuconazole 0.89 0.25-16 1.78 025-8
Posaconazole 0.79 0.25-8 3.17 0.5-16
Terbinafine 0.71 0.125-32 1.41 0.25-32
Rhizomucor pusilba (5) Amphoteridn B 0.05 0.02-0.125 0.10 0.06-0.125
Itraconazole 0.29 0.125-0.5 0.44 0.125-1
Voriconazole 5.28 0.5-16 6.06 0.5-16
Ravuconazole 0.66 0.25-2 0.87 025-2
Posaconazole 0.16 0.06-0.25 0.28 0.06-0.5
Terbinafine 0.22 0.125-0.5 0.33 025-0.5
Rhizomucor voriobtlis (2) Amphoteridn B 0.03 0.02-0.06 0.09 0.06-0.125
Itraconazole 16 16 16 16
Voriconazole 16 16 16 16
Ravuconazole 8 4-16 16 16
Posaconazole 1.41 1-2 16 16
Terbinafine 32 32 32 32
CurmingfiemeUa spp. (2) Amphoteridn B 283 2-4 4 4
Itraconazole 0.5 NA* 4 1-16
Voriconazole 16 16 16 16-16
Ravuconazole 1 NA 8 4-16
Posaconazole 0.25 NA 4 1-16
Tetbinafine 0.13 NA 0.18 0.125-0.25
Actinomucor spp. (2) Amphoteridn B 1 1 1.41 1-2
Itraconazole 2 0.5-8 2 0.5-8
Voriconazole 16 8-32 2263 16-32
Ravucmrazole 0.25 0.25 0.5 0.5
Posaomazole 0.06 0.06 0.125 0.125
Terbinafine 0.125 0.06-0.25 0.36 0.125-1
Apophysorttyces spp. (1) Amphoteridn B 2 NA 8 NA
Itraconazole 16 NA 16 NA
Voriconazole 16 NA 16 NA
Ravuconazole 2 NA 4 NA
Posaconazole 0.5 NA 1 NA
Tetbinafine 2 NA 2 NA
'  GM, geometrk mesa. 
* N A  «ot appHcabte.
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TABLE 2  Isolates with >2-fold dilution differmices in drug MICs 
between 24 and 48 h incubation
Drug and species No. of isolates
MIC (mg/liter) 
at24h
MIC (mg/Bter) 
at48 h
Amphotericm B
Mucor drcindloides 2 0.015 0.125
1 0.03 0.5
1 0.03 0.25
Rhizopm oryzae 1 0.06 1
1 0.06 0.5
1 0.25 2
Itraconazole
Cunnin^uundla spp. 2 0.5 16
Mucor circinelloides 1 2 16
Rhizopus oryzae 2 1 8
1 1 16
1 0.25 16
Rhizopus microsporus 1 1 8
Ravuconazole
Cunnin^tameüa spp. 1 1 16
Rhizopus oryzae 1 0.25 4
1 0.5 4
Rhizopus microsporus 1 0.5 8
1 1 8
Posaconazole
Cunnin^um dla spp. 1 0.25 16
Mucor drcindloides 1 2 16
Rhizomucor variabilis 2 2 16
1 1 16
Rhizopus microsporus 1 1 8
1 0.5 16
Tabinafine
Mucor drcindloides 2 2 32
1 2 16
inhibition of visual growth (Table 1). As the growth rate of 
most Mucorales species is high, antifungal susceptibility refer­
ence metlKkds (14, 23) recommend obtaining endpoint data at 
24 h. For Aspergillus fumigatus, however, it has been proven 
that obtaining data at 48 h is mandatoiy in order to detect 
resistant strains (21). In this work we have detected several 
strains showing more-than-twofold differences in dilutions be­
tween Midpoint data obtained at 24 h and those obtained at 
48 h (Table 2). Although the relevance of this change in MICs 
is not known, it must be taken into consideration that all strains 
analyzed in this work were fully resistant to voriconazole at 
24 h, supporting an earlier reading at 24 h as appropriate. 
However, although we AMI recommend rqxirting en^xiints for 
Mucorales çecies at 24 h, fiirther research performed with 
Arams susceptiUe at 24 h and resistant at 48 h is needed.
AmjMiotericin B, which is the antifungal of choice for this 
mycosis, was the most active agent against all isolates, with the 
exception of those belonging to the genera Cunninghamella 
and Apophysomyces. High drug MICs for Cunninghamella spe­
cies have teen reported before (8, 9, 15, 29, 30). Terbinafine 
was active agaiuA all qiecies tested, except for R. oryzae, M . 
circinelloides, and R  variabilis. Azole drugs showed various 
levels of activity. Itraconazole showed activity againA only R  
pusillus and Mycocladus corymbifer. Similar results have tern 
found in other studies (5, 25). Itraconazole has also shown
good activity in animal models of infection with M . corymbifer 
(6,12). Therefore, itraconazole could be useful for some cases 
of mucormycosis when susceptible strains are involved. Vori­
conazole has no in vitro activity againA these fungi. In addi­
tion, it has bear shown that pAients with leukemia and brme 
marrow transfiant reorients on voriconazole prophylaxis can 
develop breakthrough infections caused by Mucorales species 
(11). Ravuconazole showed some activity againA M . corymb­
ifer, R . pusillus, R  oryzae, R  miaosporus, and Actinomucor 
eiegans, although isolates resistant to this drug were found in 
moA of the species. Posaconazole was the azole drug which 
showed the beA in vitro activity. The geometric mean of the 
MICs was ^2 mg i^ter for all species but Cunninghamella 
bertholletiae. This is the first drug in the azole class to show a 
broad qiectrum of activity against the Mucorales species and 
has proven to be useful in combination with amphotericin B to 
treA rhinocerebral mucormycosis or patients for whom treat­
ment with amphotericin B almre has foiled (13,16).
In summary, Mucorales species rqrresent a heterogeneous 
group of fungi with various levels of susc^tibility to antifun­
gals (3) that can be easily identified by sequencing the ITSs of 
the ribosmnal DNA. These differences in susceptibility occur 
among the same genera and species; therefore, a correct de- 
terminAion of the suscept&ility profile for an individual clin­
ical iscdate is essential for devising the best therapy for mucor­
mycosis.
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Resumen: La faita de dates clinicos hace que, per el memento, se descenezca el 
tratamiento de elecciôn de la zygomycosis. La identificaciôn del agente etiolôgico y el 
estudio de su perfil de sensibilidad son esenciales en el manejo de estas infecciones ya 
que la actividad de los antifùngicos es dependiente de cepa. La anfotericina B es el 
antifùngico mas active frente a todas las especies, seguida del posaconazoi, mientras que 
el voriconazol carece de actividad. Las equinocandinas son inactivas in vitro, pero pueden 
suponer una alternativa en terapia combinada.
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Keywords: Antifungal, in vitro activity, mucormycosis, Zygomycetes 
Clin Microbiol Infect 2009: 15 (SuppI. 5): 71-76
Corresponding author and reprint requests: J. L  Rodriguez- 
Tudala, Servlcio de Micologia, Centro Nadonal de Microbiologia,
Instituto de Salud Carlos III, Ctra Majadahonda Pozudo Km 2,
28220 Majadahonda, Madrid, Spain 
E-mail: jlrtudela@lsclll.es
Introduction
In the last few years, the number of cases of zygomycosis 
has increased, especially among immunocompromised 
patients, although several authors have also reported infec­
tions in patients with unknown underlying conditions [1-3]. 
The course of the infection is rapidly progressive and poten­
tially fatal, with high rates of mortality and morbidity. No ref­
erence standard for therapy has yet been established. 
Therapy usually requires a combination of measures, includ­
ing antifungal treatment, surgical intervention and control of 
the underlying risk factors [4]. The agent of choice for treat­
ing this infection is amphotericin B (AmB) [5]. However, 
therapy with this drug has produced variable results; toxicity 
often occurs and the immune status of the patient plays an 
important role in the outcome, both of which highlight the 
importance of developing new strategies for treatment Posa­
conazole has been used as salvage therapy for zygomycosis 
and has improved outcome. [6,7]. In addition, echinocandins 
have been used in combination therapies, underlining the 
potential utility of other antifungals in the treatment of zygo­
mycosis. The low rates of response to these various thera­
pies can be attributed to a range of factors, but knowledge
of the species responsible for the infection and its antifungal 
susceptibility profile is of increasing value in the management 
of patients.
Unfortunately, identification by morphology examination 
of macroscopic and microscopic characteristics requires a 
high level of expertise. Kontoyiannis et al. [8] reported a 
20% discrepancy between identification by means of mor­
phology and that achieved by sequencing internal transcribed 
spacers. In addition, antifungal susceptibility testing data are 
limited and are based on isolates identified by their morpho­
logical characteristics [5,9,10].
The aim of this article is to review the antifungal suscepti­
bility profile of the Zygomycetes in order to provide 
information for the better management and treatment of the 
life-threatening infections they cause.
Available Methodologies for Antifungal 
Susceptibility Testing in Zygomycetes
Two standardized methods are available for determining the 
susceptibility of moulds to antifungal %ents. One method is 
the CLSI standard ‘Reference Method for Broth Dilution 
Antifungal Susceptibility Testing of Filamentous Fungi’ 
(Approved Steindard M38-A) [ I I ] .  This document recom­
mends the use of: (i) standard RPMI-1640 broth; (ii) non­
germinated conidial inoculum suspensions of I O'* CFU/mL, 
and (iii) for Rhizopus spp., incubation at 35 °C for 24 h. The 
subcommittee on Antifungal Susceptibility Testing (AFST) of 
the European Committee for Antimicrobial Susceptibility 
Testing (EUCAST) has developed an alternative standard for
©2009 The Authors
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conidia-forming moulds [12]. The differences with the CLSI 
methods are: (i) RPMI-1640 is supplemented with glucose to  
reach a 2% concentration, and (ii) inooikim size Is between 
I X 10  ^ and 5 x 1 0 ^  CFU/mL Inoculum preparations are 
performed by means of counting spores in a haematocytom- 
eter [13-15]. Concordance between these two methods was 
studied by Chryssanthou and Cuenca-Estrella [16], who 
found a level of agreement of 92.5%.
Antifungal Susceptibility Profile of 
Zygomycetes___________________________
Table I shows a literature review of the antifungal suscepti­
bility profile of Zygomycetes.
Am photericin B
O f the antifungal treatments available, AmB shows the best 
in vitro activity against most of the species responsible for 
zygomycosis (Table I) [9,17,18]. Unfortunately, these species 
have a broad range of susceptfeilities to this drqg [19,20]. 
Cumlngfiamela spp. and Rhizopus spp. have higher minimum 
inhibitory concentrations (MICs) to AmB, whereas Alucor 
spp. and Absidia spp. are subject to greater activity on the 
part of the drug (Table I). The highest number of clinical fail­
ures relate to  infections caused by Cunninghamelb bertholleti- 
ae, which supports the high AmB MICs reported for this 
Zygomycete [2,21-25]. However, several series and case 
reports describing successful treatment with this drug have 
been published [26-37]. A number of retrospective studies 
have reported an increase in survival rates when lipid formu­
lations of AmB were used as first-line or salvage therapy, 
primarily liposomal AmB (L-AmB) [26-33]. As these formula­
tions are more effective and better tolerated, they have 
replaced conventional AmB in the treatment of these infec­
tions.
A zole drags
Azole drugs have a limited in vitro activity against Zygomy­
cetes. However, h  vivo studies with animal models have 
shown that they can be active qgainst zygomycosis [38,39]. In 
addition, posaconazole has been used as salvage therapy with 
positive results, constituting a promising alternative for the 
treatment of these infections.
Itracon izele
Although many authors have stated that itraconazole is not 
a good choice for treatment of zygomycosis, some cases of 
infection have been successfully treated with this drug 
[48-42]. In vitro results show that itraconazole is more
active against Zygomycetes than voriconazole and that 
some strains are inhibited by low concentrations of itraco­
nazole [18,43-45]. In vitro studies with itraconazole have 
shown a wide range of MICs (Tabk I)  [5,18,46]. Singh et of. 
[46] determined the itraconazole MICs for 15 strains of 
Zygomycetes, finding that Rhizomucor, Syncephabstrum and 
AAycodadus (Absidia) showed lower MICs of itraconazole 
(ranges 0.03-2 mg/L), whereas Cunnin^amella and Alucor 
were more resistant (ranges 0.5 mg/L to >8 mg/L). These 
data are in accordance with findings reported by Dannaoui 
et of. [5], where Mycocladus and Rhizomucor were the two 
genera that showed lower itraconazole MICs. In addition, in 
a murine model of Mycocladus corymbifor infection, itraco­
nazole therapy increased the survival rate of infected ani­
mals [47,48]. Therefore, itraconazole may be useful in some 
cases of zygomycosis in which susceptible strains are 
involved.
Voriconazole
Voriconazole is not active against Zygomycetes In vitro. All 
studies have shown MICs >2 mg/L. In most studies, MICs 
>8 mg/L have been reported [5,9,10,18,21,46]. In addition, it 
has been shown that patients with leukaemia or bone 
marrow transplantation recipients undergoing voriconazole 
prophylaxis can develop breakthroqgh infections caused by 
Zygomycetes [8, 49, 50].
Posaconazole
Posaconazole is the first drug in the azole drug family 
to show a broad spectrum of activity qgainst Zygomycetes. 
In vitro studies have shown good activity against these fungi 
(MICso <1 mg/L) [5,9,10,18]. The species which have shown 
higher MICs for this drug are Rhizopus spp. and Cokeromyces 
recurvatus, with a geometric mean of >2 mg/L, whereas 
Absidia spp. and A l cotyntbifer are the most susceptible spe­
cies; Saksenaea vasiformis and Rhizomucor spp. also exh&it 
low MICs for posaconazole, although few strains have been 
tested (Table I). In addition, experimental models of infec­
tion have proven the in vivo activity of this drug. Among mice 
treated with posaconazole, a survival increase occurred in 
mice infected with Aiucor spp. [5 1 ], partial efficacy was seen 
in those Infected with A l corymbifêr, and a dose-dependent 
response was found in those infected with Rhizopus m kn- 
sporus [52]. In addition, similar results have been obtained 
with posaconazole and AmB used as prophylaxis in neutro­
penic mice [53].
Two clinical studies have evaluated the efficacy of posaco­
nazole as salvage therapy for zj^mycosis. Van Burik et al. 
[7] reported a 60% response in 91 patients and Sun otaL 
[51] found a 79% response in 24 patients.
©2009 The Authors
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TABLE I. In  v itro  d a ta  of antifungal susceptibility of Zygom ycetes to  am pho teric in  B, itraconazo le  and posaconazole
Am photericin B mgfL Itraconazole mg/L Posaconazole m g/L
Species References Range MICse M IC „ G M Range MICso M IC ,, GM Range MICso M IC ,, G M
Rhizopus spp. IS [S] 0.06-1 0.5 1 0.42 0.25-32 0.5 4 0.87 0.125-1 0.25 0.50 0.27
101 [9] 0.03-0.5 0.25 0.5 0.03 to > 8 0.5 4 0.06-4 0.25 1
6 [57] 1 -2 1 05-2 1
10 [18] 0.06-2 0.125 0.5 0.33 0.25-8 1 8 3.93 0.25-8 1 8 2.73
R micro^orus 12 [9] 0.03-0.5 0.25 0.25 0.25-1 0.5 0.25-2 0.25
1 [9] 0.25 1
1 [61] 0.25 >16
5 [21] 1 -2 1 2 8 to > 8 > 8 >8
R otyzae 14 [21] 0.25-8 1 4 05 to > 8 >128 >128
2 [46] 0.03-0.06 0.04 0.25-4 1.41
20 [9] 0.06-0.5 0.25 0.25 0J25-2 0.5 0.03-1 0.25 1
[43] 0.12-0.25 0.25 0.25 05-4 1 2
15 [ 10] 0.5 2 > 8 > 8 05 8
Mucor spp. 6 [5] 0.03-0.25 0.125 0.09 1-32 8 6.96 0.5-2 1 1.15
41 [9] 0.125-4 0.25 0.5 0.25 to > 8 0.5 > 8 0.06-2 05 2
6 [18] 0.06-0.5 0.25 0.25 0.24 0.25-8 1 2 2.18 0.125-8 05 1 1.54
M. drUneilmiES 6 [9] 0.06-0.5 0.25 2 to > 8 1 -2
1 [21] 0.25 8
3 [46] 0.03 0.03 05 to > 8 2.82
M. ramosissimus 3 [21] 0.12-0.5 0.25 0.5 1 -8 2 8
Absidia spp. 3 [9] 0.25-0.5 05-1 0.125
10 [5] 0.06-0.125 0.125 0.125 0.09 0.03-0.125 0.06 0Z5 0.08 0.06-0.25 0.06 0.125 0.09
Mycocladus corymbifer 9 [9] 0.25-0.5 0.25 0.125-0.5 0.06-0.25
5 [18] 0.25-0.5 0.25 0.25 0.30 0.03-0.25 0.06 0.25 0.14 0.03-0.25 0.03 0.25 0.13
4 [21 ] 0.25 to >16 0.50 >16 1 to > 8 2 >8
3 [46] 0.03-0.25 0.05 0.125-2 0.62
1 [61] 0.06 0.03
[43] 0.06-0.25 0.25 0.25 0.25-0.5 0.25 05
Rhizomucor spp. 3 [5] 0.06 0.09 0.09
5 [9] 0.125-0.25 0.125 0.125-1 0.06-1
R pusiBus 3 [46] 0.125-0.25 0.16 0X13-0.125 0.07
Curmmriiamelh spp. 13 [9] 0.25-2 1 0.125-4 1 0.06-1 05
5 [18] 0.125-2 0.25 0.25 0.55 0.125-2 0.25 05 0.60 0.03-1 0.25 1 0.36
C bertholktkie 1 [5] 2 1 0.5
1 [21] 4 2
2 [46] 0.25-0.5 0.35 1^ 2
Apbophysomyces elegans 6 [9] 0.03-1 0.125 0.03-4 0.125 <0.016-1 0.03
1 [5] 2 0.5 0.5
4 [18] 0.03-1 0.03 0.25 0.33 0.03-8 0.5 2 2.63 0.03-4 0.25 2 1.57
1 [61] 2 05
Saksenaea vasifoimis 4 [18] 0.125-2 0.125 0.25 0.23 0.015-0.03 0.015 0.03 0.05 0.015-0.25 0X)6 0.125 0.11
1 [21] 0.01
Cokeromyces recurvatus 2 [18] 0.125-2 0.125 2 0.31 0.25-8 0.25 8 4.13 0.25-4 0.25 4 2.13
Syncephalastium rocemosum 2 [46] 0.03 0.03 0.03-0.25 0.1
n, number of isolates per species; MIC50, MIC causing inhibition of 50% of isolates; MIC?o MIC causing inhibition of 90% of isolates; GM, geometric mean. 
A blank space means no data.
Finally, some case reports of successful treatment of 
patients with zygomycosis have also been published [54-56], 
highlighting posaconazole as a promising drug for treatment 
of these infections.
Echinocandins
Echinocandins have been reported as inactive in vitro against 
Zygomycetes [44,46,57]. Caspofungin has been tested against 
217 strains [9], all of which were resistant in vitro (MICs 
>16 mg/L). Singh et al. [46] found caspofungin to have no activ­
ity in a collection of 15 Zygomycetes (MICs > 16 mg/L). Konto­
yiannis et al. [8] also studied the in vitro activity of caspofungin 
against 20 Zygomycetes with similar results (MICs >32 mg/L). 
However, murine models of zygomycosis [9,58-60] have 
shown that echinocandins may enhance the activity of AmB in 
the treatment of these infections. Therefore, echinocandins 
have potential use when combined with other antifungal drugs.
T erbinafine
Few studies have analysed the activity of terbinafine against 
Zygomycetes. Dannaoui et ai [5] tested terbinafine against 
36 Zygomycetes isolates, obtaining a wide range of MICs 
(Table I). Terbinafine was active against all isolates of M. cor­
ymbifer and some Rhizopus and Alucor isolates. Interestingly, 
R. microsporus was susceptible to the drug, whereas Rhizopus 
oryzae was not
Combination Therapy
The management of these infections is difficult because of the 
limited number of drugs active against the causative agents of 
zygomycosis. Several studies have analyzed the in vitro activity 
of antifungals in combination against Zygomycetes. Dannaoui 
et al. [61] tested 35 isolates of Zygomycetes and found
©2009 The Authors
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synergistic effects between terbinafine + AmB and 
terbinafine + voriconazole (in 20% and 44% of Isolates, 
respectively). Gomez-Lopez et al. [62] evaluated the in vitro 
combinations of terbinafine with itraconazole or AmB against 
17 clinical isolates of Zygomycetes and found that 
terbinafine + itraconazole exhibited a synergistic effect in 
82% of isolates, especially for H. mkrosporus, M. corymbifer 
and C bertholletkK, as did terbinafine + AmB in 53% of 
isolates.
Animal models have shown that the interaction between 
AmB and caspofungin or posaconazole improves survival in 
mice, indicating a synergistic effect between these drugs 
[59,63]. Sugar and Liu [39] reported a synergistic effect for 
the combination of azole drugs and quinobnes in mice with 
pulmonary mucormycosis.
In addition, caspofungin combined with AmB was more 
successful than AmB alone In treating patients with rhino* 
orbital-cerebral mucormycosis [60] and this combination was 
also used successfully to treat a case of rhinocerebral zygo­
mycosis in a haematolqgical cancer patient [64].
Conclusions
Zygomycetes are a heterogeneous group of fungi with a wide 
antifungal susceptfcility profile. Amphotericin B is the agent 
of choice to treat zygomycosis. However, its toxicity remains 
a problem and therefore alternative therapies are needed, 
including, for example, Rpid formulations of AmB. Posaconaz­
ole is the second most active agent ageinst these fungi and 
has shown good results in vitro, in animal models and also in 
patients. Combination therapies with azoles or echinocandins 
may also represent alternatives to improve the survival of 
patients infected with Zygomycetes.
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Specie* recognition and clinical relevance of die lygomycetous genus Liehih n tma (syn.
ifycoclatbis, AisùSa pp.)
Ana Alastruey-Izquicrdo^ Kerstin HofEmann ,^ G. Juan Luis Rodriguci-Tudela*,
Kerstin Voigf, Evangelia Bib as hi*. Grit.Walthcr^
Prepared for; Journal of Clinical Microbiology
Resumen; El género Lichtheimia (syn. Mycocladus, Absidia pp.) incluye a hongos 
saprofitos qua habitan en la tierra o material vegetal en descomposicion. Lichtheimia 
corymbifera (syn. Absidia corymbifera, Mycocladus corymbifer) y Lichtheimia ramosa (syn. 
Absidia ramosa, Mycocladus ramosus) pueden causar infecciones graves de rapida 
evolucion principalmente en pacientes Inmunodeprimidos. En este estudio se analizan les 
limites de especie en Lichtheimia usando el concepto filogenético de especie basado en el 
anâlisis de très dianas (la region ITS, la region D1-D2 del LSU y parte del gen que codifica 
para la actina), concepto biolôgico de especie mediante test de apareamiento, y caractères 
morfolôgicos y fisiolôgicos. Comparando los dendrogramas producidos mediante la 
secuenciaciôn de las regiones ITS, LSU y el gen de la actina se reconocieron siete 
especies filogenéticas distintas. Los resultados de los test de apareamiento no apoyaron el 
estatus de especie de dos de las siete especies filogenéticas, por lo que se propone la 
aceptaciôn de cinco especies dentro del género Lichtheimia: L. corymbifera, Lichtheimia 
ornata comb, nov., L. ramosa, Lichtheimia hyalospora, y Lichtheimia sphaerocystis sp. nov. 
Solo las très primeras parecen tener relevancia clinica. Lichtheimia blakesleeana es 
sinônimo de Lichtheimia hyalospora y la especie recientemente descrita Mycocladus 
lutetiensis se reconoce como un sinônimo de L. ramosa. Finalmente se aporta una 
descripciôn detallada de L. sphaerocystis sp. nov. y una clave para la identificaciôn de las 
cinco especies del género basadas en caractères morfolôgicos y el crecimiento a diversas 
temperaturas
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Species recognition and clinical relevance of the zygomycetous genus 
Lichtheimia (syn. Absidia p.p., Mycociadus)
Ana Alastruey-lzquierdol, Kerstin Hoffmann2, G. Sybren de Hoog3, Juan Luis 
Rodriguez-Tudelal, Kerstin Voigt2, Evangelia Bibashi4, Grit WaitherS*
1 Instituto de Salud Carlos III National Centre of Microbiology, Ctra. Majadahonda-Pozuelo 
Km 2, 28220 Majadahonda (Madrid), Spain.
2 Institute of Microbiology, Fungal Reference Centre, Friedrich Schiller University Jena, 
Neugasse 24, D-07743 Jena, Germany.
3 CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, 3584CT Utrecht, The 
Netherlands.
4 Department of Microbiology, Hippokration General Hospital, 49, Konstantinoupoleos str., 
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Abstract
The zygomycete genus Lichtheimia (syn. Absidia p.p., Mycocladus) consists of 
saprotrophic fungi inhabiting soil or dead plant material. Lichtheimia corymbifera (syn. 
Absidia corymbifera, Mycocladus corymbifei) and Lichtheimia ramosa (syn. Absidia 
ramosa, Mycocladus ramosus) may cause fulminant infections in patients with impaired 
immunity. This study investigates species boundaries in Lichtheimia using Genealogicai 
Concordance Phylogenetic Species Recognition (using geneaiogies of iTS, D1/D2 region 
of the LSU and actin). Biological Species Recognition by mating tests, as weli as 
morphological and physiological characters. The molecular markers used were selected by 
evaluating polymorphism in nine different loci including p-tubulin, translation elongation 
factor EF-1a, the largest subunits of the RNA polymerase II (RPB1 and PRB2), the 
mitochondrial cytochrome c oxidase subunit I (COI), and the mitochondrial ribosomal small 
subunit (mtSSU) rDNA among four strains belonging to different putative species. 
Comparing ITS-, LSU- and actin-gene genealogies, we recognized seven phylogenetic 
species. The results of the mating tests conflicted with two of these. Therefore we regard 
five species in Lichtheima as confirmed: Lichtheimia corymbifera, L  omata comb, nov., L  
ramosa, L. hyalospora, and L  sphaerocystis sp. nov. Only the first three species seem to 
have clinical relevance. Lichtheimia blakesleeana is reduced to synonymy of Lichtheimia
- 8 3 -
hyalospora and the recently described opportunistic species, Mycocladus lutetiensis, is 
found to be a synonym of Lichtheimia ramosa. We provide a detailed description of 
Lichtheimia sphaerocystis sp. nov. and a key for the identification of all herein accepted 
species based on morphological traits and growth at different temperatures.
Introduction
Mucormycoses, i.e. infections caused by members of the Mucoromycotina are uncommon 
but often dramatic, requiring immediate action on the basis of accurate diagnosis. The 
recently observed increase in case reports on mucormycosis (31) can be ascribed to in the 
growing number of patients with risk factors such as diabetes, neutropenia, bone marrow 
transplantation, or long-term use of steroids. Several studies particularly relate the 
increasing incidence of mucormycoses to voriconazole prophylaxis and treatment against 
aspergillosis infection in immunocompromised patients (18, 36, 42), although this trend 
was already observed prior to the availability of voriconazole in medical applications (17, 
20). According to Roden et al. (31) approximately 5% of mucormycoses are caused by 
species of Lichtheimia (syn. Absidia p.p., Mycocladus). These authors reviewed 25 well- 
documented cases of Lichtheimia (as Absidia) infections since 1940. However, the actual 
incidence of the species may have been underestimated given the fact that a total of 53 
clinical Lichtheimia strains were sent to the CBS Fungal Biodiversity Centre (Utrecht, The 
Netherlands) and the Instituto de Salud Carlos III National Centre of Microbiology (CNM- 
CM, Madrid, Spain) during the past 10 years alone.
Originally the genus Absidia was characterized by the formation of pyriform sporangia with 
a distinct apophysis and branched sporangiophores. Later phylogenetic and physiological 
studies showed that Absidia~\\ke fungi represent three separate lineages (15): 1 -  Absidia 
s.st. that show decreased growth rates above 30*C and no growth above 40*C 
(mesophilic), and their zygospores are protected by long appendages of the suspensors, 2 
-  Lentamyces, which stops growth at 30*C and consists of potential parasites of other 
fungi (13), and 3 -  Lichtheimia, consisting of thermotolerant species that show good 
growth at human body temperature and produces zygospores with equatorial rings and 
suspensors without appendages. Only the latter group has clinical relevance. It was first 
named Mycociadus typified by Mycociadus verticillatus (15). However, the type of that 
species tumed out to represent a mixed culture of an Absidia s. str. and possibly a 
Lentamyces species, thus not congeneric with any of the thermotolerant species.
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Therefore this group had to be renamed with the oldest available genus name, Lichtheimia 
(14).
The genus Lichtheimia consists of basically saprotrophic species inhabiting soil and 
decaying plant material. According to Hoffmann et al. (14) the genus Lichtheimia contained 
four species; L corymbifera (syn. Absidia corymbifera, Mycocladus corymbifei), L  ramosa 
(syn. A. ramosa, M. ramosus), L  blakesleeana (syn. A. blakesleeana, M. blakesleeanus), 
and L hyalospora (syn. A  hyalospora, M. hyalosporus). Of these, only L  corymbifera and 
L  ramosa have been reported from human infections. VViether or not L  ramosa and L  
corymbifera are separate species has been a controversial issue in the past, when studies 
addressing this question applied phenetic criteria. For example, Ellis & HesseKine (4) 
treated L  corymbifera and L  ramosa as being distinct, whereas Nottebrock et al. (27) and 
Schipper (35) reduced L  ramosa to synonymy of L  corymbifera. By sequence-analyses of 
three different loci (ITS, D1/D2 region of LSU, partial EF1-a gene) Garcia-Hermoso et al. 
(8) found two well-supported clades within a set of strains morphologically identified as L. 
corymbifera. As a result they introduced a novel opportunistic species, Mycocladus 
lutetiensis. Our gene genealogies confirmed the existence of the two groups described by 
Garcia-Hermoso et al. (8). However, in our study the groups included ex-type strains of the 
older species L  corymbifera and L  ramosa, respectively, rendering the name M. 
lutetiensis redundant. In addition, the presence of well-supported subgroups suggested the 
existence of additional taxa.
The present study aims to explore species boundaries in the genus Lichtheimia and to 
evaluate the clinical importance of each species. Genealogicai Concordance Phylogenetic 
Species Recognition (GCPSR) (39), based on gene genealogies of three loci (ITS, D1/D2 
region of LSU, and the actin gene) was used to define phylogenetic species. Mating tests 
were performed to recognize biological species (Biological Species Recognition), and 
morphology and growth characteristics were used to develop taxonomic concepts and 
practical diagnostic features for genus and species. After evaluation of the combined data, 
we propose to accept five species in Lichtheimia, namely L corymbifera, L. ramosa, L. 
ornata comb, nov., L  hyalospora, and L. sphaerocystis sp. nov., of which only the first 
three are clinically relevant.
Material and methods
Strains
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Fifty-three isolates of Lichtheimia from environmental and clinical sources, including all ex­
type strains of Lichtheimia species available at the reference collection of the CBS were 
included in the study (Table 1). All strains used in this study are either deposited at CBS, 
at the CNM-CM, or at the Fungal Reference Centre (PRZ, Jena, Germany).
Molecular studies 
Extraction of genomic DNA
Cultures were grown for 2 days on malt extract agar (MEA, 5%, malt extract agar 
produced by Oxoid, Badhoevedorp, The Netherlands) at 24**C. Genomic DNA was 
extracted according to the procedure described by Mdiler et al. (24) with several 
modifications. Briefly, fungal material was transferred to a tube containing 2 glass beads 
and 500 ml TES buffer (124 mM Tris(hydroxymethyl)-aminomethane, 12.8 mM Na-EDTA, 
87 mM sodiumdodecylsulphate (SDS), pH = 8). The samples were homogenized for 3 min 
at 30 Hz using the TissueLyser (Quiagen, Venlo, The Netherlands) and spined for 2 min at 
14,000 rpm (20,400 ref). Afterwards 5.1 U of Proteinase K (in 10 pi) (Sigma-Aldrich, 
Zwijndrecht, The Netherlands) were added followed by 30 min of incubation in a waterbath 
at 55®C. 120 pi of 5 M sodium chloride and 1/10 volume of 10% CTAB (Cetyl 
trimethylammonium bromide) were added to the material followed by 60 min incubation at 
65®C. The samples were again homogenized for 3 min (30 Hz) using the Tissue Lyser. One 
volume of SEVAG (chloroform: isoamylalcohol 24:1 vAr) was added and the samples were 
spined for 5 min at 4®C at 14,000 rpm (20,400 ref). The upper phase (aqueous phase) was 
transferred to a new tube and 0.55x volumes of isopropanol were added to precipitate the 
DNA. After incubation at -20®C for at least 30 min DNA was pelleted at 14,000 rpm (20,400 
ref) for 10 min at 4®C. The supernatant was decanted and the DNA pellet was washed 
twice with 700 ml 70% ethanol, dried, and resuspended in 50 pi of TE buffer (12.4 mM 
Tris, 1.34 mM Na-EDTA (pH = 8.0). Genomic DNA was stored at -20®C.
Marker selection
We searched for genomic regions with a polymorphism comparable to that of the ITS 
region in order to apply GCPSR (39). Using DNA extracts of four strains belonging to 
different putative species (CBS 100.28, CBS 100.51, CBS 582.65, CBS 958.68) we 
amplified and sequenced parts of the following genes: actin, p-tubulin, translation 
elongation factor EF-1a, ITS, D1/D2 region of the nuclear ribosomal large subunit 
(nucLSU), largest subunit of the RNA polymerase II (RPB1), second largest subunit of the
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RNA polymerase II (RPB2), mitochondrial cytochrome c oxidase subunit I (COI), and 
mitochondrial ribosomal small subunit (mtSSU). The used primers are given in Table 2. All 
PCR products except of those comprising the LSU and most of them comprising the ITS 
were cloned before sequencing in the competent cell line JM109 of £  coli using the p- 
GEM-T Easy Vector (Promega, Leiden, The Netherlands) as instructed by the 
manufacturer. Similarity values based on uncorrected distances for the 6 possible pairings 
between the 4 strains were calculated for all genomic regions tested with Bio Numerics 
v.4.61 (Applied Maths NV, Sint-Martens-Latem, Belgium). For several loci different 
sequences for the same strains were obtained. In order to ascertain the origin of this 
diversity, single-spore cultures of 3 strains (CBS 223.78, CBS 124197, CNM-CM4978) 
were achieved by suspending sporangiospores in sterile distilled water and plating several 
dilutions of these suspensions on MEA in Petri dishes. The outgrowing mycelia were 
isolated. DNA was extracted and used for PCR amplification, cloning and sequencing as 
described.
Amplification, cloning and sequencing of the selected marker 
DNA segments comprising either the complete ITS region and the D1/D2 region of the 
LSU, or a large part of the actin gene were amplified using the primer sets described 
above. For both PCR types the reaction mixture (25 pi) contained 0.4 pM of each primer, 
0.185 mM of each deoxynucleoside triphosphate (GC Biotech, Alphen a/d Rijn, The 
Netherlands), lOx NH4 BioTaq Reaction buffer (GC Biotech), a final concentration of 1.5 
mM MgCI2, 0.8 U BioTaq DNA polymerase (GC Biotech), and about 20 ng of DNA. The 
cycling conditions for the ribosomal fragment included one initial cyde at 94'C for 5 min, 
followed by 35 cydes of 1 min at 94*C, 1 min at 53"C, and 2 min at 72'C, with one final 
cycle of 7 min at 72*C. For the actin gene fragment the following PCR conditions were 
applied: predenaturation for 5 min at 95*C, followed by 35 cydes of 1 min at 95*C, 1 min at 
58*C, and 2 min at 72®C, and one final cycle of 7 min at 72*C. PCR reactions were 
performed on a Thermal cycler 2720 (Applied Biosystems, Nieuwerkerk a/d IJssel, The 
Netherlands). Reactions products were analysed in 1% agarose gels.
Cloning and sequencing
PCR products comprising the actin fragment or the ITS region (in case of CBS 100.36 and 
CNM-CM 22 4849) were ligated into p-GEM-T Easy Vector (Promega, Leiden, The 
Netherlands) and cloned in £  coli JM109 competent cells (Promega) following the
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manufacturer’s instructions. Colony-PCRs were performed using the primer pair M13f (5’- 
GTAAAACGACGGCCAGT-3’) and M13r (5- GGAAACAGCTATGACCATG-3’). In a first 
step we sequenced 4 clones for each strain. In case that these clones did not include the 
required outparalog (see results), we sequenced additional clones until all strains were 
represented by at least one sequence of paralog type I in the alignment. Both strands of 
the products of the primary PCR (ITS, LSU) or the colony PCR (actin) were directly cycle- 
sequenced using the Big dye sequencing kit (BigDye Terminator cycle sequencing ready 
reaction kit. Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands) and the primer 
sets mentioned above. Cycle-sequencing products were analysed on an ABI 3730XL 
automatic sequencer (Applied Biosystems).
Sequence analysis
Consensus sequences were constructed by means of the SeqMan program v.7.2.2 
(DNASTAR, Lasergene) and deposited in GenBank under the accession numbers 
GQ342712-GQ342955 (Table 1). Sequences were aligned using the server version of the 
MAFFT program (www.ebi.ac.uk/Tools/mafft) and manually corrected in the program Se-AI 
v2.0a11 (A Rambaut, 2002; http://tree.bio.ed.ac.uk/software/seal/). In cases where actin 
gene sequences belonging to the same outparalog of a single strain were different, the 
most deviating actin gene sequences per strain were included in the alignment. 
Phylogenetic relationships were estimated for all alignments with a maximum parsimony 
analysis done in PAUP (Phylogenetic Analysis Using Parsimony) v.4.0b10 (D. L. Swofford, 
2002, Sinauer Associates, Sunderland, MA) and with a Bayesian approach using Markov 
chain Monte Carlo using the computer program MrBayes, v. 3.1.2 (32). In maximum 
parsimony analyses, heuristic search was performed with 1,000 replicates and tree- 
bisecdon-reconnection (TBR) as branch-swapping algorithm. Gaps were treated as 
missing data. Robustness of the trees was estimated by bootstrap analysis with 1,000 
replicates. The Jukes-Cantor-69-model of DNA substitution was selected by the program 
MrAIC v.1.4.3 (J. A. A. Nylander, 2004, Evolutionary Biology Centre, Uppsala University) 
for all three alignments and used in the Bayesian analyses. Four simultaneous Monte 
Carlo Markov chains were run over 2 M generations using random starting trees, and 
default starting parameters of the DNA substitution model. Trees were sampled every 100 
generations. After discarding the first 8 K trees sampled (burn-in), a posteriori probabilities 
were estimated by computing majority rule consensus trees. Dichotomocladium elegans 
was used as outgroup in analyses of the LSU because it was shown to be closely related
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to Lichtheimia by O’Donnell (28, as Absidia p.p.). The analyses of actin and ITS were 
performed without an outgroup because inclusion of Dichotomocladium decreased the 
quality of the alignment due to large sequence differences.
Morphological study
Study of culture characteristic and sporangiophore morphology 
Strains were cultivated on MEA at 24®C and on Synthetic Mucor Agar (SMA; dextrose, 
Merck, Amsterdam, The Netherlands; asparagine, Sigma-Aldrich Chemie BV, Zwijndrecht, 
The Netherlands, thiamine chloride, Sigma-Aldrich Chemie BV; agar, Oxoid, 
Badhoevedorp, The Netherlands) described by Chen & Zheng (1) at 28®C in the dark. After 
7 days and 3 weeks, respectively, texture and colour of the colonies were described and in 
case of the newly described species rated using the charts of Rayner (30). Mounts for 
microscopic examinations of sporangiophore morphology were made from 7-day-old MEA 
cultures in two different ways for each species, (i) by pressing a piece of adhesive tape in 
the colony, and (ii) by squashing a small portion of the colony including the submersed 
mycelium. The fungal material was mounted in lactic acid with cotton blue (2 mg cotton 
blue ml-1 lactic acid) and 10 in lactic acid only and examined using a microscope of type 
Nikon eclipse 80i (Nikon, Amstelveen, The Netherlands). Measurements were performed 
using the software NIS-Elements D 3.0 (Nikon).
Study of the giant cells
In search of additional distinguishing characters we tested development and structure of 
giant cells on 3 media at different temperatures: on MEA at 24'C, on potato dextrose agar 
(PDA; dextrose, Merck, Amsterdam, The Netherlands; agar, Oxoid, Badhoevedorp, The 
Netherlands) at 24*C, 33*C and 37*C, and on yeast extract agar according to Haynes et 
al. (10) (YEA; yeast extract, Difco, Alphen a/d Rijn, The Netherlands; malt extract, Difco; 
dextrose, Merck, Amsterdam, The Netherlands; agar, Oxoid, Badhoevedorp, The 
Netherlands) at 33*C and 37'C. In this first screening five strains of Lichtheimia 
corymbifera (CBS 101040, CBS 120580, CBS 120581, CBS 429.75, CBS 519.71), five 
strains of L  ramosa (CBS 100.55, CBS 103.35, CBS 223.78, CBS 123197, CBS 124198), 
and all strains of the remaining species (see Table 1) were included. After the first results 
became available we extended the study on YEA at 37*C to all strains of L. corymbifera. 
Every week the cultures were screened for giant cells after removal of the aerial mycelium
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with a sterile needle using a stereomicroscope of type Nikon SMZ 1500 (Nikon, 
Amstelveen, The Netherlands). Giant cells were taken from the culture and mounted in 
lactic acid for microscopic examination.
Mating experiments
Sporangiospore suspensions were prepared from 5-day-old cultures grown on MEA in 
Petri dishes at 24®C by adding roughly 2 ml of sterile distilled water and by sucking the 
water several times into the pipette. One or two drops of the suspension were placed in a 
distances of approximately 1-2 cm from the drops of the second strain on YEA as 
described by Haynes et al. (10) and incubated at 31 ®C in the dark for 7 weeks. A total 
number of 168 mating pairs were tested including 73 intraspecific and 95 interspecific 
mating tests.
Growth kinetics
MEA plates were inoculated with small blocks taken from the edge of 3 day-old colonies. 
The plates were incubated at the following temperatures: 24®C, 33®C, 37*C, 40®C, 43"C, 
46®C, 49®C, and 52®C. The diameter was measured twice a day for 3 days. The diameter 
of the colony taken 8 hours after inoculation was subtracted from all following 
measurements. Growth rate, measured in millimeters per hour, was calculated for each 
strain and temperature. Descriptive and comparative statistical analyses were performed. 
Comparisons were done by variance analysis (ANOVA) including the Bonferroni post hoc 
test. A P value < 0.05 was taken as statically significant. Statistical analysis was done with 
the help of the software package SPSS 16.0 (SPSS S.L., Madrid, Spain). Growth rates of 
each species at different temperatures were plotted in a graph performed with Sigma Plot 
11.0 (SPSS S.L., Madrid, Spain).
Results
Molecular markers for species recognition in Lichtheimia
Table 3 lists the similarity values for the analysed genomic regions of six strain pairs. In 
cases where more than one gene sequence was found per strain for a certain locus, the 
highest possible similarity value for the respective strain pair is given in Table 3. ITS was 
by far the most variable among all nine regions tested. The second highest degree of 
polymorphism was found in the nucleotide sequences of |3-tubulin, followed by RPB2, 
actin, RPB1, LSU, EF-1a, and COI. The mitochondrial SSU was strictly monomorphic. For
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some of the studied genes we detected paralogs originating from different duplication 
events. According to Koonin (19) we distinguish between outparalogs, that evolved via an 
ancient duplication process preceding spéciation, and inparalogs that, at least according to 
their posistion in gene-geneaologies, might have evolved subsequent to the spedation 
event. Inparalogs of a certain species are considered as coorthologous to inparalogs of 
other spedes if they form a monophyletic clade, which is precondition for using the correct 
inparalogs for phylogenetic analyses. For p-tubulin, we found several paralogs in the 
studied strains (CBS 100.28: 4 paralogs, CBS 100.51: 3 paralogs; CBS 958.68: 2 
paralogs; CBS 582.65: 3 paralogs) although only 4 clones per strain were sequenced. 
Paralogs of the same strain showed distinct differences in exonic and extreme differences 
in intronic sequences. No clear groups were detected in phylogenetic analyses, and the 
selection of coorthologous paralogs was impossible. For RPB2, we discovered no 
outparalog in the studied strains. We found 3 inparalogs with comparatively small 
differences (CBS 958.68: up to 5 basepairs difference between the inparalogs, CBS 
582.65: up to 17 basepairs difference between the inparalogs). These conditions would 
have made the RPB2 gene a promising candidate for species recognition. However, after 
several attempts we did not obtain editable trace-files for strain CBS 100.28. Most species 
of Lichtheimia possess two outparalogs of actin (I and II), which are easily distinguished 
and differ in their intronic and exonic sequences. Strains listed as Lichtheimia 
biakesieeana and L hyaiospora, and their sibling species L  sphaerocystis, a novel 
species that is described below, deviated in having only outparalog I. For nearly all studied 
strains we found more than one inparalog originating from the duplication of outparalog I. 
In all studied species with the exception of L  ramosa, inparalogs of the same strain 
differed by 1 to 6 basepairs. In L  ramosa inparalogs of the same strain varied by 13 up to 
21 basepairs. Each of the three single-spore isolates of the L ramosa strains CBS 223.78, 
CBS 124197, and CNM-CM 5111 possessed three different inparalogs originating from 
outparalog I, suggesting the existence of a gene family. Some of the inparalogs (e.g. done 
2 of CNM-CM4978, done 1 of CBS 112528) contained single-base deletions in their 
exonic sequences, which indicates loss of function (pseudogenes). The inparalogs of all 
Lbhtheimia species belonging to outparalog I of the actin gene formed a well-supported 
clade in the phylogenetic tree matching with the coorthologous relation of the inparalogs 
(Fig. 1b). For RPB1 we found two outparalogs with large sequence and length differences 
forming two separated dades in phylogenetic analyses. Inparalogs were also present in 
the RPB1 gene. For strain CBS 582.65 of L ramosa we detected 3 different inparalogs
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differing in up to 9 basepairs. For EF-1a, no outparalogs were detected. Inparalogs formed 
separate clades that consisted of two subclades in some species suggesting at least two 
duplication events after spedation. However, sequence differences among the inparalogs 
were high even within the same subclade. The single-spore strain CBS 124197, for 
example, possessed at least 6 inparalogs of EF-1a with sequence differences of up to 27 
basepairs within the same inparalog subclade and up to 40 basepairs between the 
subclades. No paralogs were detected for the LSU and the COI gene. Our main criteria for 
the selection of molecular marker for species recognition were variability (Table 3) and, in 
case of the presence of paralogs. the unambiguous assignment to coorthologous 
pararlogs. On this basis we chose ITS. actin and LSU.
Molecular phylogenetic analyses
Maximum parsimony analyses based on the ITS alignment (a total of 899 characters, of 
which 383 were parsinrwny-informative) resulted in 906 most parsimonious trees (tree 
length TL = 726 steps), the 14 LSU alignment (a total of 657 characters, of which 78 were 
parsimony-informative) resulted in 185 most parsimonious trees (TL = 230 steps), and the 
actin alignment (a total of 885 characters, of which 280 were parsimony-informative) in 228 
most parsimonious trees (TL = 653). Tree topologies obtained by rraximum parsimony and 
Bayesian MCMC analyses were largely similar for all three lod and did not contain 
conflicting well-supported groups. Therefore, the Bayesian trees are not shown but 
Bayesian posterior probabilities are included in the maximum parsimony trees in Fig. 1. In 
Fig. 1b the actin tree including outparalog I (blue frame) and II (red frame) is pictured on a 
small scale. The large scale tree represents only the outparalog I part of the tree (blue 
frame). We detected only outparalog I in L blakesleeana, L  hyalospora, and L  
sphaerocystis, described below, although we sequenced at least eight clones for each 
strain. In Fig. 1. strains are attributed the same colour if they belong to a single, well- 
supported group in the ITS genealogy. Because the same colour coding is used in LSU 
and actin trees, conflicts in gene genealogies of different loci are visualized by intermixing 
of colours in supported groups of actin and LSU trees. Tree topologies of ITS, LSU, and 
actin trees are concordant except for groups of L ramosa. Three groups of L  ramosa 
supported in the ITS genealogy (indicated as vinaceous, light blue, and dark blue in Fig. 
1a) are not detected in the LSU and actin genealogies. The group of L ramosa marked in 
pink in the ITS tree is also supported in the LSU tree but not detected in the actin tree. 
Actin sequences of three strains (CBS 100.24, CBS 271.65, CBS 582.65) out of four
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strains constituting the pink group in the ITS tree form also a supported group in the actin 
tree. However, none of the thirteen edited actin sequences of CBS 223.78, which 
represents the fourth strain of the pink group in the ITS tree, belonged to this group. All 
actin sequences of outparalog I of CBS 223.78 are positioned in another supported group 
that includes also sequences of CBS 271.65 and CBS 582.65 (pink group). But sequences 
of the dark blue group of the ITS tree and those sequences that are not part of any 
supported group in the ITS tree (marked in black) do also cluster in that group of the actin 
gene tree. We consider the supported group in the actin tree consisting of CBS 100.24, 
CBS 271.65, and CBS 582.65 as inparalog that is absent in the remaining strains of L  
ramosa. Therefore, that clade was excluded from the decision about phylogenetic species 
recognition. Consequently, we regard the pink group of the ITS tree as not detected in the 
actin tree. Considering that phylogenetic species do not necessarily have to be 
monophyletic in all loci due to different rates of lineage sorting (16), the following criteria 
(3) were applied to recognize clades that represent independent evolutionary lineages; 1 -  
genealogical concordance, i.e. presence in all single-locus genealogies regardless of the 
level of support, 2 -  genealogical nondiscordance, i.e. high support of the clade in at least 
one single-locus genealogy without supported contradiction in another single-locus 
genealogy. Only relatively distinct lineages were accepted as phylogenetic species in 
order to avoid that minor tip clades would have to be recognized as phylogenetic species. 
Boundaries of phylogenetic species were determined in such a way that no strain was left 
to be unclassified (3). Applying these criteria, seven phylogenetic species in Lichtheimia 
were recognized (Fig. 1), as follows:
1 -  'L. ramosa subgroup l‘ containing the ex-type strains ot Absidia gracilis (CBS 103.35) 
and Absidia idahoensiswar. thermophila (As3.4808);
2 -  ‘L. ramosa subgroup II’ including the ex-type strain of L ramosa (CBS 582.65);
3 -  'L corymbifera' including the ex-type strain of L. corymbifera (CBS 429.75) and the ex­
type strain of Absidia griseola (CBS 519.71);
4 -  'L. ornata' with the ex-type strain of Absidia omata (CBS 291.66); 20
5 -  'L blakesleeana subgroup I' containing the ex-type strains of L  hyalospora (CBS 
173.67), A. 21 blakesleeana var. atrospora (CBS 518.71), and A. cristata (CBS 102.36);
6 -  ’L  blakesleeana subgroup II’ and containing the ex-type strain of L  blakesleeana 
(CBS 100.36);
7 -  'L sphaerocystis' containing 3 strains with a morphology of the sporangiophores 
similar to that of L. blakesleeana.
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Judging from ITS sequence data, strain CBS 270.65, which was assigned to the recently 
described species Mycocladus lutetiensis by Garcia-Hermoso et al. (8), belongs to 
subgroup I of L  ramosa (data not shown).
Biological species recognition by successful mating
Zygospores were found in 17 out of 168 mating experiments including 73 intraspecific 
matings (Fig. 2). Azygospores were observed in a single case (CBS 582.65 x CNM- 
CM3590). Twelve out of the 17 mating pairs producing zygospores were intraspecific 
matings and five were interspecific according to taxonomic concepts of Lichtheimia 
maintained in this paper. Mature zygospores developing after intraspecific mating (Fig. 3a- 
c) were usually dark red brown, (46-) 58-77 (-91) x (38-) 48-67 (-82) pm and possessed 1- 
3 (-5) equatorial rings. The suspensors were rough and frequently unequal in size. High 
numbers of zygospores were usually achieved in intraspecific matings. Zygospores 
resulting from interspecific matings (Fig. 3d-f) were often smaller, less intensively colored 
(orange brown), and the equatorial rings were frequently less pronounced or absent; they 
often contained large oil droplets. In three out of five interspecific matings only a small 
number (< 10) of zygospores was found. Consequently, we consider high numbers of 
large, darkly pigmented zygospores with distinct equatorial rings as indication of 
successful mating within the same species. Such zygospores were present in high 
numbers in several matings between the two Lichtheimia ramosa subgroups and in a 
single mating between the two L  blakesleeana subgroups (Fig. 2). Therefore, we regard 
these subgroups as belonging to the same biological species. In contrast, we consider the 
phylogenetic species 'L omata' and 'L sphaerocystis', as separate species because we 
did not find conflicting mating results and because both possess morphological traits that 
distinguish them from their phylogenetic sibling species, L  corymbifera and L  
biakesieeana, respectively (see below).
Morphology
Culture characteristic and sporangiospore morphology
Pigmentation of colony reverse on SMA was used by HesseKine et al. (11) and Chen and 
Zheng (1) to distinguish two varieties of Absidia idahoensis. Because the ex-type strain of 
A. idahoensis var. thermophila was reidentified as L. ramosa, we tested the suitability of 
this character for species identification. However, intraspecific variability in pigmentation of
- 94 -
0 . 0 .  i v iu o o l  d i c o
mycelia and colony reverse did not exceed those between species (data not shown). 
Therefore this trait is regarded unsuitable for species recognition in Lichtheimia.
The nrx>rphology of sporangiophores was very similar in Lichtheimia corymbifera, L  ornata, 
and L  ramosa. Differences in spore shape between L  corymbifera and L  ramosa were 
not consistent. Strains with intermediate spore shapes existed in both species (Fig. 4 c.d). 
Although the majority of L. corymbifera strains formed subglobose to broadly ellipsoidal 
sporangiospores (Fig. 4 a) and many of the L  ramosa strains produced ellipsoidal to 
broadly cylindrical spores (Fig. 4 b) also strains with intermediate spore shapes existed in 
both species (Fig. 4 c,d). In Fig. 1 the preponderant spore shape in each strain is mapped 
on the ITS tree demonstrating the inapplicability of this character for species identification. 
In L  blakesleeana, all strains predominantly formed subglobose or more rarely broadly 
ellipsoidal sporangiospores that differed in size and colour depending on the strains. The 
two strains constituting subgroup II (CBS 100.28, CBS 100.36) formed small (3 8-5.2 pm 
diam), hyaline to brownish, smooth to rough sporangiospores. Subgroup I of L  
blakesleeana includes the ex-type strain of A  cristata (CBS 102.36) producing spores of 
the same size as subgroup II and two strains with distinctly larger sporangiospores, 
namely CBS 173.67, ex-type strain of L  hyalospora, forming large (4 6-8.3 pm diam.), 
hyaline to subhyaline, smooth to slightly rough sporangiospores, and CBS 518.71, ex-type 
strain of A. blakesleeana var. atrospora, producing large (6.0-11 pm diam.), hyaline to 
brownish, smooth to rough sporangiospores. Both large-spored strains originate from 
fermented food and have probably been cultivated and subcultured for a long time. This 
fact and their grouping with a small-spored strain suggests that L  hyalospora and A  
blakesleeana var. atrospora are morphological mutants rather than separate lineages.
Giant cells
Giant cells are strongly swollen, branched or unbranched, often droplet-filled hyphae with 
thick, refractive walls. Often they were septate especially when branched and in some 
strains they possessed projections. Giant cells are common in all species of Lichtheimia, 
but their size and complexity depends on medium and growth temperature. On MEA at 
24*C numerous strains of all species developed giant cells. They were also common on 
PDA, where the highest degrees of differentiation were noted at 24'C, and less at 33*C 
and 37*C. Cultivation on YEA at 37'C was especially appropriate for the discrimination 
between L. corymbifera and L. ornata. In L. blakesleeana, L. corymbifera and L  ramosa 
size and shape of giant cells varied strongly with strain, temperature and medium. They
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were slightly or distinctly branched in most strains. Two strains of L ramosa (CBS 223.78 
and CBS 124198) had globose, thick-walled giant cells with projections. This type of giant 
cells is characteristic for L sphaerocystis (see below). L  omata differed from its sister 
species L  corymbifera by forming large [380-760 (-900) x 320-660 (-770) pm], compact, 
densely branched giant cells (Fig. 9) in two-week-old YEA cultures. They were 
predominantly formed in the mycelial mat attached to the substrate and in the submerged 
mycelium, but also occurred, though smaller-sized and less developed, in the aerial 
mycelium. The agar surface of L  omata isolates appeared characteristically granular on 
YEA, due to an abundance of large submerged giant cells. In contrast, we could not find 
any giant cell in L corymbifera in YEA cultures at 37*C.
Growth kinetics
Fig. 5 shows mean growth rate (mm/h) and standard deviations for each species at each 
temperature analysed. Significant P values (p< 0.05) were found in all ANOVA analyses 
performed for each temperature. The largest distinctions between species were found at 
40®C and 43®C. At 43®C L ramosa could clearly be distinguished by its growth rate from L  
corymbifera and L  omata while L biakesieeana and L sphaerocystis did not grow at this 
temperature. L ramosa was the species with the highest growth velocity at all 
temperatures. Twenty six out of 30 (86.7%) strains of L ramosa grew at 49®C, but only two 
strains out of 12 (16.7%) of L corymbifera. According to our experimental design, the 
maximum growth temperature was 46®C for L omata, 40®C for L blakesleeana, and 37®C 
for L sphaerocystis except for a single strain that grew at 40®C.
Synopsis of the results and taxonomic conclusions
On the basis of high numbers of successful matings and lack of diagnostic morphological 
and physiological characters, we judge that the two subgroups of Lichtheimia ramosa 
represent a single species. Consequently, Mycocladus lutetiensis described by by Garcia- 
Hermoso et al. (8) is a synonym of L  ramosa. We also favour to retain the two 
phylogenetic entities, subgroup I and subgroup II of L blakesleeana within the same 
species, because of the formation of a high number of large, dark coloured zygospores 
found in a successful mating between the subgroups, and because of the absence of 
phenotypically distinctive traits. The basionym of L. hyalospora is older than that of L  
blakesleeana and hence the correct name for the resulting species is L hyalospora. The 
large-spored strains within this species are considered as mutants because they form a
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subgroup with the small-spored environmental strain CBS 102.36 in all three genealogies. 
The two phylogenetic entities, ‘L  corymbifera' and ‘L omata’ were distinct and well- 
differentiated in all three gene-genealogies. In addition, the groups formed different types 
of giant cells. Therefore, we suggest to maintain L  omata as a separate species. 'L 
sphaerocystis’ was also distinct and well-differentiated in all three gene-genealogies and 
differed morphologically clearly from its sibling species L  hyaiospora by the formation of 
consistently globose giant cells. For this reasons we describe it as a new species below. 
The following taxonomy is proposed (for more synonyms see refs 4 and 12):
Lichtheimia corymbifera (Cohn) Vuill., Bull. Soc. mycol. Fr. 19:126 (1903).
MycoBank MB416447.
Basionym: Mucor corymbifer Cohn, in Lichtheim, Z. Klin. Med. 7:149 (1884).
Synonyms:
Mycociadus corymbifera (Cohn) J. H. Mirza, in Mirza et al., Mucor. Pakistan (Faisalabad): 
95 (1979), comb, inval.. Art. 36.1.
Mycociadus corymbifer {Cohn) Vânovâ, Ceskâ Mykologie 45:26 (1991).
Absidia griseola H. Naganishi & Hirahara, in Naganishi & Hirahara, Bulletin of the 
Hiroshima 20 Jogakuin agricultural College : 13 (1970).
Lichtheimia ramosa (Zopf) Vuill., Bull. Soc. mycol. Fr. 19:126 (1903).
Mycobank MB416448.
Basionym: Rhizopus ramosus Zopf, in Schenk, Handb. Botanik 4: 587 (1890).
Replaced synonym: Mucor ramosus Lindt, Arch. Exp. Path. Pharmacol. 21: 269 (1886); 
nom. illegit., Art. 53.1.
Synonyms:
Mycocladus ramosus (Zopf) J.H. Mirza, in Mirza et al., Mucor. Pakistan (Faisalabad): 95 
(1979), comb, inval.. Art. 36.1.
Mycocladus ramosus (Zopf) Vâhovâ, Ôeskâ Mykologie 45: 26 (1991).
Absidia gracilis Linnem., Flora (Regensburg) 130:203 (1936); nom. inval.. Art. 36.1. 
Absidia idahoensis Hesseltine, M. K. Mahoney & S. W. Peterson var. thermophiia G.-q. 
Chen & Zheng, Mycotaxon 69:174 (1998).
Mycociadus lutetiensis Garcia-Hermoso, Gantier & Dannaoui, J. Clin. Microbiol., in press 
(2009).
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Lichtheimia hyaiospora (Saito) K. Hoffm., G. Walther & K. Voigt, Mycol. Res. 1: 278 
(2009).
MycoBank MB512830.
Basionym; TieghemeUa hyalospora Saito, ZentbI. Bakt. ParasitKde, Abt. 2,17:103 (1906). 
Synonyms:
Absidia hyalospora (Saito) Lendn., Mat. FI. Cryptog. Suisse 3(1): 142 (1908).
Mycocladus hyalospora (Saito) J. H. Mirza, in Mirza et al., Mucor. Pakistan (Faisalabad): 
97 (1979), comb, inval.
Absidia biakesieeana Lendn., Bull. Soc. Bot. Genève, Sér. 2,15:149 (1924).
Mycocladus blakesleeanus (Lendn.) J. H. Mirza, in Mirza et al., Mucor. Pakistan 
(Faisalabad): 94 (1979).
Lichtheimia blakesleeana (Lendn.) K. Hoffm., G. Walther & K. Voigt, Mycol. Res. 113: 278 
(2009).
Absidia blakesleeana Lendn. var. atrospora Schipper, Persoonia 14:141 (1990).
Lichtheimia omata (A. K. Sarbhoy) A. Alastruey-lzquierdo & G. Walther, comb. nov. 
MycoBank MBXXX.
Basionym: Absidia omata A. K. Sarbhoy, Can. J. Bot. 43: 999 (1965).
Synonym: Absidia hesseltinei B. S. Mehrotra (as ‘hesseltinit), Final Technical Report: 48 
(1967), nom. inval.. Art. 32.1(c).
Material studied: CBS 291.66 (IMI 115180; NRRL 10293), isotype strain. India, 
Vindhyachal near Allahabad, from dung of bird, isolated by Bot. Dept., Univ. Allahabad, 
No. M21, 1961, deposited by A.K. Sarbhoy, CBS H-6618; CBS 958.68 (ATCC 24263; 
NRRL A-11841; VKM F-1524), deposited by C.W. Hesseltine in December 1968, CNM- 
CM4978, Spain, Aragon, Hospital Miguel Servet, 2007, isolated from a wound of a 50- 
year-old male.
Lichtheimia sphaerocystis A. Alastruey-lzquierdo & G. Walther, sp. nov.
MycoBank MBXXX, Fig. 6a-i, Fig. 7a-w.
Etymology: Refers to the globose shape of the giant cells.
Latin diagnosis:
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Coloniae extensae, cotoneae vel coactae, albae vel ceiiulis giganteis copiosis cremeae vel 
sporangiophoris griseae, reversum ochraceum. Temperatura crescentiae optima 33X , 
maxima 40*C. Sporangiophora simplicia vel ramosa, singula vel bina orientia, recta vel 
incurva vel circinata; septum subsporangiale plerumque absens. Sporangia globosa vel 
pyriformia, multispora, deliquescentia, atrobrunnea vel atra; sporangia maxima terminalia 
apophysi conica conspicua praedita, 16-43 pm diam; columellae elllipsoideae vel sursum 
angustatae vel raro subglobosae, rarissime una vel duabus projectionibus praeditae, 8.5- 
33 X 6.8-29 mm, collari praesente vel absente. Sporangiosporae leves vel asperulatae, 
hyalinae vel dilute brunneae, acervatae fuscae, subglobosae vel late ellipsoideae vel 
modice irregulares, 3.5-7 pm diam vel 4 2-6.8 x 3 3-5.5 pm. Cellulae giganteae 
intercalares, globosae, 60-150 pm diam (strato mucido excluso), saepe guttulatae, 
crassitunicatae, saepe projectionibus simplidbus vel ramosis praeditae. Stolones et 
rhizoidea praesentes. Species heterothallica. Zygosporae ignotae.
Colonies expanding on MEA at 24*C, cottony to felty, at first white, later, depending on the 
proportion of sporangia and giant cells; grey to dark grey (lavender grey to leaden grey 
according to Rayner 1970) in colonies with predominant sporangiophores, consistently 
white to cream-coloured in colonies with predominant giant cells, reverse ochreous. On 
MEA optimal growth temperature 33*C, maximal growth temperature 40*C, no growth at 
43*C. Sporangiophores simple or branched, arising solitary or in pairs but not in whorls, 
either directly from the substrate or from aerial hyphae, hyaline, but often with a light 
brown apophysis and columella, smooth or slightly rough, straight, bent or circinate. 
Subsporangial septa mostly absent. Sporangia spherical to pyriform (including apophysis), 
multi-spored, deliquescing, blackish brown to black, largest sporangia terminal, with 
conspicuous conical apophysis, 16-43 pm diam. Columella ellipsoidal, ellipsoidal-tapering 
or more rarely subglobose, occasionally with one or rrx>re projections, 8.5-33 x 6.8-29 pm, 
with or without collar. Sporangiospores smooth to rough-walled, hyaline to light brown, 
dark brown in mass, subglobose to broadly ellipsoidal or slightly irregular, 3.6-7.0 pm in 
diameter or 4.2-6.8 x 3.3-S.5 pm. Large intercalary hyphal swellings (giant cells) in aerial 
hyphae and in the mycelium attached to the medium, but not in the mycelium permeating 
the medium (substrate mycelium), spherical, 60-150 pm diam. (excluding the mucous 
layers), septate, often droplet-filled, thick-walled, often with simple or branched projections. 
Cell wall of the giant cells consisting of 2 refractive layers with a total thickness of 3-14 pm, 
enclosed by 2 to several mucous layers to 31 pm thick. Projections 9-24 (-40) pm long.
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CBS 648.78 ceased to form giant cells after several transfers. Stolons and rhizoids 
present. Heterothallic. Zygospores not observed.
Holotype; CBS 420.70, India, March 1970, deposited by M.C. Srinivasan.
Other material studied: CBS 647.78, India, Uttar Pradesh, Gorakhpur, dung of mouse, 
March 1976, isolated and deposited by P C. Misra, P.C.M. 596; CBS 648.78, India, Uttar 
Pradesh, Gorakhpur, from soil in Shorea mbusta forest, March 1977, isolated and 
deposited by P.C. Misra, P.C.M. 623.
Key to the species
Based on our morphological and physiological results we developed the following key for 
phenotypic identification of all accepted Lichtheimia species. Some characters for the 
discrimination of Absidia s.str. and Lentamyces v/ere adopted from Hesseltine & Ellis (12) 
and Hoffmann et al. (13,15):
1a. Subsporangial septa present; growth of aerial hyphae indeterminate; most of the 
sporangiophores in verticils; not thermotolerant; no or reduced growth at 37®C; zygospores 
with appendaged suspensors.........................................................................Absidia s.str.
1b. Subsporangial septa present; aerial hyphae generally ending in a sporangium; verticils 
of sporangiophores absent; not thermotolerant; no growth above 30*C; homothallic; 
zygospores warty, without appendaged suspensors...................................... Lentamyces
1c. Subsporangial septa absent or rare; aerial hyphae generally ending in a sporangium; 
verticils of sporangiophores present in some species but not obvious; thermotolerant; 
typically good growth at 37®C; heterothallic; zygospores with equatorial rings, without 
appendaged suspensors...............................................................................Lichtheimia (2)
2a. Sporangia dark brown or dark grey to black; colony diameter after 72 h at 43®C < 2
mm; mature sporangiospores rough and/or > 6.5 pm in their longest extension............. 3
2b. Sporangia light brownish grey; colony diameter after 72 h at 43®C > 14 mm; mature 
sporangiospores smooth and < 6.5 pm in their longest extension.................................... 5
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3a. Giant cells consistently globose, 60-150 pm diam. (Fig. 6g-i, Fig. 7s-w) 
 Lichtheimia sphaerocystis
3b. Giant cells (if present) more hypha-like, irregularly swollen, simple to strongly 
branched, never consistently globose (Fig. 8 ) ........................Lichtheimia hyaiospora (4)
4a. Mature sporangiospores small (< 5.5 pm), rough, and brownish
.............................................................. small-spored variants of Lichtheimia hyaiospora
4b. Mature sporangiospores larger (on the majority > 5.5 pm), smooth or rough, hyaline or 
brownish................................................. large-spored variants of Lichtheimia hyaiospora
5a. Colony diameter at 43®C after 72 h > 40 mm; spores ellipsoidal to cylindrical or 
subglobose to broadly ellipsoidal Lichtheimia ramosa
5b. Colony diameter at 43®C after 72 h < 27 mm; spores never consistently ellipsoidal to 
cylindrical..............................................................................................................................6
6a. Giant cells densely branched (Fig. 9), 380-760 (-900) x 320-660 (-770) pm, present in 
2-week-old 6 YEA cultures.................................................................... Lichtheimia ornata
6b. Giant cells absent from 2-week-old YEA cultures...................Lichtheimia corymbifera
Clinical relevance and distribution
Clinical stains are highlighted in red in the ITS tree (Fig. 1a). Judging from these data only 
species with more pronounced thermotolerance, namely L corymbifera, L  ornata, and L  
ramosa, are clinically relevant. Lichtheimia corymbifera and L ramosa seem to be 
relatively common etiological agents, while L  omata has been isolated only once from a 
wound of a 50-year-old male. The data suggest similar distribution areas for all clinically 
relevant species although only strains originating from Asia and Europe were available for 
studiy and the number of strains was too low to infer geographic distribution.
Discussion
1 0 1
Phylogenetic species recognition and moiecuiar markers
As far as we are aware this is the first study applying GCPSR to a genus of the Mucorales. 
Multilocus analyses in Mucorales are hampered by the common presence and the high 
number of paralogs necessitating labour- and cost-intensive cloning steps. Another 
problem is the limited variability of protein-coding genes compared to the ITS region. 
Hence, the number of loci used in our study is relatively low for GCPSR. Nevertheless, we 
consider the resulting species concepts to be reliable because the molecular results are 
not conflicting among one another, and are furthermore not in conflict with the recognized 
biological species that are supported by morphological and physiological findings. While 
most eukaryotes such as animals (25), plants (22), and slime molds (43) are known to 
have a small actin gene family, fungi were supposed to possess only a single copy for 
actin, based on results from yeasts like Saccharomyces cerevisiae (6) and 
Schizosaccharomyces pombe (23) and filamentous fungi such as Aspergiiius niduians (5), 
Trichoderma reesel (21), and Neurospora crassa (41). However, recently the 
zygomycetous species Abidia glauca and the basidiomycetous fungi Schlzophyiium 
commune and Suiiius bovinus have been reported to carry two actin-encoding genes (38). 
Our data suggest the existence of a gene family for actin in the studied species of 
Lichtheimia. The two outparalogs of actin show a high degree of nucleotide polymorphisms 
including exonic sequences, which suggests a duplication early in or before the 
diversification of the Mucorales. This fact should be taken into account when using actin 
for phylogenetic analysis, especially at lower taxonomic levels, because the choice of the 
outparalog may influence the position of the species in the tree topology. Sequence 
differences among actin inparalogs originating from the same outparalog were small and 
could not be explained by conventional divergent modes of evolution. The term inparalog' 
used implicates that the duplication event preceded the spedation. However, cases in 
which gene copies (repeat copies, inparalogs) in a genome are more similar to each other 
than to their respective 'orthologous' counterparts (repeats; coorthologous inparalogs) in 
closely related species could be caused either by the process of by birth-and-death- 
evolution induding recent duplications or by concerted evolution only retaining ancient 
duplicates (7, 26). In case of concerted evolution the term inparalog' would be misapplied. 
Nevertheless, birth-and-death-evolution is more likely to take place in the actin gene 
family because it is assumed for many protein-coding gene families (26), and our finding of 
pseudogenes supports this assumption. Although the presence of several inparalogs is an 
obvious disadvantage for the use in phylogenetic studies, we think that the use of the actin
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gene was legitimate because of the comparatively low sequence variations between actin 
inparalogs and the lack of an alternative locus.
Biological species recognition by mating test
The relatively low number of successful intraspedfic matings (16.4%) corresponds with the 
results of EIWs and Hesseltine (4), who found only 4.7% of successful matings in L  
corymbifera (as Absidia c.). Successful interspecific matings were previously described for 
L  corymbifera and L  ramosa (5) and for L  omata (CBS 958.68, as Absidia hesseltinei) 
and L  ramosa (CBS 270.65, as L  corymbifera) (35), and also for other genera such as 
Mucor (34). As in the present study, Schipper (34) found zygospores resulting from 
interspecific mating in the Mucor racemosus group to be less coloured and reduced in 
numt>er and size. Their presence reduces the significance of successful mating for spedes 
recognition, even though there is doubt about their occurrence under natural conditions. 
However, mating test results can still be used to define biological species boundaries 
when number, appearance, and size of the zygospores are taken into account. Obviously, 
mating barrages between species in the Mucorales are not as developed as in other fungal 
groups allowing matings between spedes that share only 79.8% similarity in their ITS 
sequences, as in the case of CBS 100.36 x CBS 100.49.
Diagnostic characters
Our results show that sporangiophore morphology and spore shape are insufficient to 
differentiate L  corymt)ifera, L  ornata, and L  ramosa and that additional characters are 
needed. The presence of intermediate spore shapes in L  corymt^era and L  ramosa may 
explain why earlier mycologists tended to treat them as synonyms (27. 35). These 
intermediate spore shapes might also explain Wiy studies that used the spore shape for 
discriminating both spedes encountered numerous intraspedfic matings (27). Growth 
rates at certain temperatures as well as appearances of giant cells provided additional 
valuable characters for spedes recognition.
Taxonomy
This study shows that L corymbifera and L  ramosa are distinct spedes on the basis of 
molecular data, as already supposed by Ellis and Hesseltine (4) using morphology and 
mating tests. Lichtheimia omata was distinguished by the formation of 'peculiar thick- 
walled globose to elongated bodies with very prominent finger-shaped appendages' (33,
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p. 999, as Absidia omata). We consider these structures as early stages of the giant cells 
that are characteristic for this species although their size described as 44-70 pm is 
relatively small. Based on morphological features Schipper (35) already recognized L  
sphaemcystis and L  hyalospora (as L blakesleeana) as distinct taxa, referring to strains 
of L  sphaerocystis as 'Absidia aff. lolakesleeana'. The degradation of L  blakesleeana to a 
synonym of L  hyalospora is supported by the presence of zygospores between strain 
NRRL 1306, formerly named A. blakesleeana f. hyalospora and strain NRRL 1306 
formerly named A  blakesleeana (12, p. 779). However, with respect to A. blakesleeana 
the authors stated on page 782 of the same publication 'the only closely related species is 
A hyalospora which has much larger spores; it does not seem to fruit on Czapek's solution 
agar, and it does not mate with A  blakesleeana tester strains’. All three isolates of L 
hyalospora studied by Hesseltine and Ellis (12) were isolated from fermented food (laosi' 
or soybeans). Continued subcultivation of single strains for fermentation might have 
enhanced the occurrence of mutants whose phenotypes can be characterized by an 
increase in spore size.
In conclusion, by comparing gene genealogies based on three loci (ITS, actin, and LSU) 
and by considering mating results and differences in morphology and growth rates at 
different temperatures, we recognize five species in Lichtheimia: L. corymbifera, L  omata, 
L ramosa, L  hyaiospora, and L sphaerocystis. Only the first three species seem to have 
clinical significance.
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Figure legends
Rg. 1. Maximum parsimony phylograms of three different loci: a. ITS. b. actin [small- 
scale tree includes outparalog I (blue frame) and outparalog II (red frame), large-scale 
tree represents only outparalog I (blue frame in the small-scale tree)], c. D1/D2 region 
of the LSU. Branches with bootstrap values in the MP analysis of 85 or higher are 
printed in bold. Branch support values are indicated by numbers near the branches 
(MP bootstrap proportions/Bayesian posterior probabilities) but given only for decisive 
branches. Strains forrrûng a well-supported group in the ITS phylogram are marked in 
a certain colour. The same colour is used for each strain also in the LSU and the actin 
phylogram. In the ITS phylogram. clinical strains are highlighted in red, names are 
given at the type strains. For each strain of L  ramosa, L  corymbifera, and L  omata 
the predominant spore shape is mapped on the ITS phylogram: white/spherical -  
subspherical to broadly ellipsoidal, subspherical predominant; light grey/broadly 
ellipsoidal -  subspherical to broadly ellipsoidal; medium grey/broadly ellipsoidal - 
subspherical to broadly ellipsoidal, broadly ellipsoidal predominant; dark 
grey/ellipsoidal -  broadly ellipsoidal to ellipsoidal; black/elUpsoidal -  ellipsoidal to 
broadly cylindrical.
Fig. 2. Results of 73 intraspedfic and 95 interspecific matings in Uchtheimia. X- no 
mating test performed, white field -  no zygospore formation, grey field -  zygospore 
formation, number of zygospores lower than 10, black field - zygospore formation, 
number of zygospores higher than 10.
Fig 3. Zygospores of Uchtheimia. A-c. intraspedfic matings: a. L  biakesieeana CBS 
100.28 x CBS 102.36, b. L  ramosa CBS 124198 x CBS 100.24, c. L  ramosa CBS 
271.65 X CBS 223.78. D-f. interspecific matings: d. L  biakesieeana CBS 100.28 x L  
ornata CBS 958.68, e. L  ramosa CBS 124198 x L  omata CBS 958.68, f. L  
biakesieeana CBS 100.36 x L  ramosa CBS 100.49. Scale bar = 
37 50 pm.
Fig. 4. Spore shape in Uchtheimia corymbifera (a. and c.) and L  ramosa (b. and d.): a. 
subglobse to broadly ellipsoidal shape of L  corymbifera (CBS 429.75 NT), b. 
ellipsoidal to cylindrical shape of L  ramosa (CBS 582.65 NT), c. predominantly broadly
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ellipsoidal shape in L  corymbifera (CBS 100.31), d. predominantly broadly ellipsoidal 
shape in L  ramosa (CBS 112528).
Fig. 5. Mean growth rate (mm/h) and standard deviations of Ucfidjeimia species at 
eight different temperatures.
Fig. 6. Uchtheimia sphaerocysds, CBS 420.70 (T): a. aerial hypha bearing 
sporangiophores, scale bar = 25 pm, b-e. sporangiophores with columella, scale bar = 
40 pm, f. sporangiospores, scale bar = 20 pm, g. mature giant cell, h. young giant cell; 
CBS 648.78:1, mature giant cell, scale bar 40 pm.
Fig. 7. Uchtheimia sphaerocystis: a. colony surface of CBS 420.70, b. colony reverse 
of CBS 420.70,15 c. colony surface of CBS 648.78 (predominant giant cell formation), 
d. colony surface of CBS 647.78 (predominant sporangiospore formation), e-f. CBS 
647.78, sporangiophores, scale bar 50 pm, h-j. CBS 647.78, sporangiophores, k-m, 
CBS 420.70, part of the sporangiophore with mature sporangium, n-q. CBS 420.70, 
columella, r. CBS 420.70, sporangiospores, s-v. CBS 420.70, young (s and t) and 
mature (u and v) giant cells, w. CBS 648.78, mature giant cell, scale bars (h - w) = 20 
pm.
Fig. 8. Giant cells of Uchtheimia hyaiospora formed in PDA cultures: a. CBS 102.36, b. 
CBS 100.36, scale bars» 100 pm.
Fig. 9. Giant cells of Uchtheimia omata formed in two weeks old YEA cultures: a. 
younger giant cell formed by CBS 291.66, b. mature giant cell formed by CNM- 
CM4978, scale bar = 100 pm
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1 Table 1. Strains used in this study
2
Strain Species Country Source GenBaok accession no.
ITS LSU actin
ou^ mrakg
I
outparalog
n
CBS 100.17 L. corymbifera aa. n.a. GQ342885 GQ342942
CBS 100.51 L. corymbifera aa. aa. OQ342S86 GQ342939
CBS 102.48 L. coymbifera India mouldy shoe OQ342888 GQ342910
CBS 115811 L. cc»ymbifera Germany indoor air GQ342887 GQ342932
CBS 100.31 L. coyn^feia aa. aborted cow GQ342879 GQ342914
CBS 101040 L. corymbifera France human; GQ342882 GQ342918
keratomyoosis
CBS 109940 L. coymWfera Norway human, Anger GQ342881 GQ342917
OQ342820
GQ342826;
GQ342824
GQ342821
GQ342833;
GQ342829
GQ342825;
GQ342822
OQ342830;
OQ342819
GQ342817
GQ342715
OQ342719
GQ342718
GQ342720
GQ342722;
GQ342714
GQ342723;
GQ342721
CBS 120580 L. coymbifera 
CBS 120581 L. ccayratnfsta
CBS 120805 L. (xxymbifera 
CBS 429.75 L. corymbifera 
(NT)
CBS 519.71 L. corymbi^a 
(T of A. 
griseola)
tissue
France human; lung 
France human;
brcndna 
France human; bone
Afghanista soil 
n
Japan a  a.
GQ342884 GQ342919 GQ342828 GQ342713
GQ342883 GQ342948 GQ342823 GQ342716
GQ342880 GQ342915 GQ342818 GQ342717
GQ342878 GQ342903 GQ342831 GQ342712
GQ342889 GQ342904 GQ342827;
GQ342832
- 1 1 1  -
CBS 100.36 L. l^akwpora aa. OQ342898; OQ342943 GQ342750;
GQ342897 OQ34275I
CBS 173.67 L. lyaloapora Philippines fermented GQ342893 GQ342905 GQ342755
(NT of food taosi
Tieghemella h.)
CBS 102.36 L. lyalospora (T Ghana Manihot
of A. cristata)
CBS 518.71 L. hyaiospora (T Japan
ofM.
Uakesleeanus 
var. atrospora)
CBS 1(X).28 L. hyaiospora USA
(T)
L. ornateCNM- 
CM4978 
CBS 958.68 
CBS 291.66
esculenta;
stem
GQ342895 GQ342907 GQ342752;
GQ342753
GQ342894 GQ342944 GQ342754;
GQ342756
BerthoUetia GQ342896 GQ342902 GQ342748;
Spain
L. omata aa.
L. ornate (T of India
A. omata)
excelsa; rait
hwnan; wound GQ342892
GQ342749
GQ342835 GQ342727
CBS 100.24 L. ramosa aa.
aa. GQ342890 GQ342936 GQ342834 GQ342726
dur* of bird GQ342891 GQ342946 GQ342836; GQ342724;
GQ342837 GQ342725
aa. GQ342876 GQ342941 GQ342814;
CBS 100.49 L. ramosa
CBS 1(X).55 L. ramosa aa
CBS 101.51 L. ramosa
GQ342804
Indonesia dung of cow GQ342858 GQ342940 GQ342812;
GQ342791
aa. GQ342851 GQ342938 GQ342766;
GQ342771
Netherlmd Guinea pig; GQ342859 GQ342945 GQ342796; GQ342747
s lung GQ342789
CBS 101.55 L. ramosa Switzerlan human; comea GQ342865 GQ342947 GQ342788 GQ342731
- 1 1 2 -
0 .0 .  iv iu o u l  d ic d
CBS 124198 L. ramosa
CBS 713.74
CNM-
CM2166
CNM-
CM3590
CNM-
CM4119
CNM-
CM4228
CNM-
CM4253
CNM-
CM4261
CNM-
CM4337
CNM-
CM4427
L. ramosa 
L. ramosa
Neüierland culture 
> ooftfamaiant
GQ342848 GQ342906
CBS 223.78 L. ramosa n.a. cocoa toü GQ342877 GQ342934
CBS 271.65 L. ramosa aa. a  a.
CBS 649.78 L. ramosa India
aa.
Spain
L. ramosa S p ^
activated 
field soil 
aa.
human;
sputum
humm
GQ342875 GQ342937
GQ342849 GQ342912
GQ342856
GQ342863
GQ342935
GQ342926
GQ342869 GQ342924
L. ramosa Spam Imman; skin GQ342862 GQ342923
L. ramosa Spain human; skin GQ342861 GQ342922
L. ramosa Spain human; skin GQ342860 GQ342921
L. nunosa Spain human; lui% GQ342854 GQ342953
L. ramosa Spain Imman; skm GQ342852 GQ342920
GQ342840;
GQ342841
GQ342807;
GQ342811
GQ342805;
GQ342816
GQ342779;
GQ342781
GQ342797
GQ342798;
GQ342792
GQ342785;
GQ342786;
GQ342810
GQ342793;
GQ342803
GQ342787;
GQ342794
GQ342780;
GQ342795
GQ342767;
GQ342776
GQ342765
L. rmnosa Spain human, GQ342853 GQ342931 GQ342773
brondioasimat
GQ342838
GQ342734;
GQ342739
GQ342746;
GQ342740
GQ342728
GQ342737
GQ342741;
GQ342744
GQ342742
GQ342729
GQ342733
113 -
CNM-
CM4537
CNM-
CM4849
CNM-
CM5111
L. ramosa Spain human; skin GQ342873 OQ342930
L. ramosa Spain himimi; skm
L. ramosa
CNM- L. ramosa
CM5171
CBS 112528 L. ramosa
CNM-
CM1638
CNM-
CM3148
L. ramosa
L. ramosa
Spain human;
sputum
GQ342855; OQ342929 
GQ342868
GQ342871 GQ342928
Be^ium human (3Q342864 OQ342927
Germary
CBS 124197 L. rnnoea Greece
CBS 269.65 L. ramosa n.a.
Spain
Spain
human; GQ342850 GQ342913
wound, double
infection with
Candida
albicans
human OQ342870 GQ342951
n.a. GQ342857 GQ342949
human; gastric GQ342866 GQ342954
juice
human; GQ342872 GQ342925
corneal
exudate
GQ342772;
GQ342777
GQ342769;
GQ342778
GQ342783; GQ342735; 
GQ342784; GQ342736; 
GQ342806; GQ342743 
GQ342808
GQ342790; GQ342732
GQ342799
GQ342764;
GQ342813
GQ342842; GQ342839 
GQ342843;
GQ342844;
GQ342845;
GQ342846
GQ342801; GQ342738 
GQ342802
GQ342800 GQ342730
GQ342768;
GQ342775;
GQ342782
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AS 3.4806 L. ramosa (T of China
A. idahoansis 
var.
tfaermophila)
CBS 582.65 L. ramosa (NT) Ghana
CBS 103.35 L. ramosa (T aa.
A. gracilis)
soil
CBS 647.78 L. sphaercxystis India
CBS 648.78 L. sj^ aerocystis India
cacao; seed 
Musa
sapiantum;
fruit
CBS 420.70 L. sphaerocystis India aa.
GQ342867 GQ342955 GQ342770;
GQ342774
Thsobroma GQ342874 GQ342909 GQ342809; GQ342745
GQ342815
GQ342847 OQ342908 GQ342763
GQ342900 GQ342933 GQ342760;
GQ342761
du% of mouse GQ342899 GQ342911 GQ342757;
GQ342759
soil GQ342901 GQ342916 GQ342758;
GQ342762
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1 Table 2. Primer used for amplification and sequencing of nine different genomic regions in order to
2 select marker for GCPSR.
3
Region PCR primer Sequencn% primer
actm Act-1 5’-TGOOACGATATOOAIAAIATCTGOCA- Act-1 5’-TGOOACGATATOOAIAAIATCTGOCA-
3*(45) 
Act-4ra 5 -
3’ (45) 
Act-4ra5’-
TCrrCGTATTCTTGCTTIGAIATCCACAT-3’(45) TaTCOTATTCTTOCTTIOAIATCCACAT-3’(45)
P-tribulin B36f modified 5’-CACCCACTCMCTYGOTGGTG B36f modified 5’-CACCCACTCMCTYGGTOGTG
-3’ (40)
B12r modified 5’-
CATOAAGAARTORAGACGVGGOAA-3’(40)
-3' (40)
B12r modified 5’-
CATGAAGAARTGRAGACGVGGGAA-3X40)
COI M-ooxl-fa5’-GATATGGCATTTCCTCGAT-3’* 
M-ooxl-rb 5’-
GGWACTGCAATAATCATTGTAGC-3’*
M-coxl-fii 5’-GATATGGCATTTCCTCGAT-3’* 
M-coxl-ib 5’-
GGWACTGCAATAATCATTGTAGC-3"
EF-la MEF-1 5’-ATOGGTAAAGARAAGACTCACG-3’ MEF-1 5-ATGGGTAAA0ARAAGACTCACG-3'
(29) (29)
MEF-4 5’-ATGACACCRACAOCGACGGTTTG-3’ MEF-4 5’-ATGACACCRACAGCGACGGTTTG-3’
(29) (29)
MEF-11 5’-AAGAAGATTGGTTTCAACCC-3’ (29) 
MEF-21 5 -GGGTTGAAACCAATCTTCTT-3' (29)
ITS V9G 5’-TTACGTCCCTGCCCTTTGTA-3’(2) V9G 5’-TTACGTCCCTGCCCTTTGTA-3’(2)
LR3 5’-GGTCCGTGTTTCAAGAC-3’(44) rrSl 5’-TCCGTAGGTGAACCTGCGG-3’(46)
- 116 -
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ITS4 5’- TCCTœacrTATTOATATGC-3’(46) 
LS266 5’-GCATTCCCAAACAACTCGACTC-3’(9)
ratSSU mrSSUl 5'AGCAGTGAGGAATATTGOTC-3' (47) mrSSUl 5’AGCAGTQAGOAATATTOGTC-3’ (47) 
mrSSU^ 5’.ATGTOOCACQTCTATAGCCC-3’ mrSSU3r 5’-ATGTOGCAOGTCTATAGCCC-3’
(47) (47)
nucLSU V9G 5’-TTACGTCœTGCCCTTTGTA-3’ (2)
LR3 5’-GGTCOGTGTTTCAAGAC-3’(44)
N Ll S’-GCATATCAATAAGCGGAGGAAAAG- 
3’(28)
LR3 5’-GGTCCGTOTTTCAAGAC-3’(44)
RPBl RPBl-Df modified 5’-
TAYAACGCNGATTTCGATGG-3’ (37) 
RPBl -Fr modified 5’- 
CCTTCACOACCACCCATAGC-3’ (37)
RPBl-Df modified 5’- 
TAYAACGCNGATTTCGATGG-3' (37) 
RPBl-Fr modified 5'- 
CCTTCACGACCACCCATAGC-3' (37)
RPB2 RPB2-6f modified 5’-
CCYGCWGAAACKCCMGAAGG-3’  ^
bRPB2-7rl 5’-
CCCATRGCYTGYTTMCCCATDGC-3’
RPB2-6f modified 5 - 
CCYGCWGAAACKCCMGAAGG-3’ 
bRPB2-7rl 5 -
CCCATRGCYTGYTTMCœATDGC-3.h
2 * designed for this study.
3  ^B. Mathcny, 2006, PCR primers to amplify and sequence rpb2 (RNA polymerase II second largest
4 subunit) in the Basidiomycota (Fungi) (http://www.clarkii.edu/faculty/dhibbett/rpb2%20primers.htm).
5
6
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1 Table 3. Maximal similarity values between six strain pair for nine different loci (ITS, partial ^tubulin,
2 partial RPB2, partial actin, partial RPBl, D1/D2 repon of the LSU, partial EF-lo, partial COI, partial
3 mtSSU).
4
similarity values in % betweoi the strmn pairs 
strain pairs ITS 6-tubulin RPB2 actin RPM LSU EF-la COI ratSSU
CBS 100.28/CBS 100.51 86.0 91.2 n.a. 91.3 92.4 93.9 94.4 97.8 100
CBS 100.28/CBS 958.^ 820 90.0 n.B. 91.0 92.6 93.7 94.1 98.2 100
CBS 100.28/CBS 582.65 79.2 91.2 n.a. 94.2 91.1 93.4 94.9 98.4 100
CBS 100.51/CBS 582.65 81.3 88.4 90.0 91.6 91.8 95.5 94.0 97.9 100
CBS 100.51/CBS 958.68 92.4 92.4 97.5 96.2 96.7 98.1 97.7 98.2 100
CBS 582.65/CBS 958.68 81.8 88.1 89.7 92.1 92.1 95.3 93.0 98.1 100
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L. biakesieeana (T of A. cristata) (-) I CBS 102.36 X X X X X X X X X X X X X X X X X
L. biakesieeana f. hvalospora (KT) I CBS 173.57 X X X X X X X X X X X X X X X X X X
L. biakesieeana CT of A  bl. var. atrosoora) I CBS 518.71 X X X X X X X X X X X X X X X X X X
L. biakesieeana <-) flCBS 100.35 ■ X X X X X X X X X X X X X X X X X
L. sphaerocystis (T) CBS 420.70 X
L. sptiaerocystis CBS 647.78 X X X X X X X X X X X X X X X X
L. sphaerocystis CBS 648.78 X X X X X X X X X X X X X X X X X X
L. omata (TT of A  omaba) CBS 291.65 X X X X X X X X X X X X X X X X
L. omata (-) CBS 958,68
L. omata CNM-CM4978 X X X X X X X X X X X X X X X X
L. corymbifera CBS 100.51 X X X X X X X X X X X X X X X X X X X X
L, corymbifera (NT) (-) CBS 429.75 X X X X X X X X X X X X X X X X X X X
L. corymbifera CBS 101040 X X X X X X X X X X X X X X X X X X X X
L. corymbifera CBS 120805 X X X X X X X X X X X X X X X X X X X X
L. ramosa (T of A  idahoAàS var. thermoohila) I AS 3.4808 X X X X X X X X X X X X X X X X X X X X X X
L. ramosa (-) I CBS 100.55 X X X X X X X X X X X X
L. ramosa I CBS 112528 X X X X X X X X X X X X X X X X X X X X X X
II. ramosa I CBS 124197 X X X X X X X X X X X X X X X X X X X X X X
L. ramosa I GNM-CM3590 X X X X X X X X X X X X X X X X X X X X X X
L. ramosa I GHM-CM4537 X X X X X X X X X X X X X X X X X X X X X X
L. ramosa I CNM-CM4849 X X X X X X X X X X X X X X X X X X X X X X
L. ramosa (-) n CBS 100.24 X X X X X X X X X X X X ■
L. ramosa (-) n CBS 271.65 X X X X X X X X X X X X M ■
L ramosa (NT) (-) n CBS 582.65 X X X X X X X X X X X X n m
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3.3 .4 . Perfil de sensibilidad a los antifûngicos 
de las especies del género U c h t h e i m i a
Antifungal susceptibililv profile of human pathogenic species of Uchtheimia.
Ana Alastruey-lzquierdo''. Isabel Cuesta^ GritW alther^, Manuel Cuenca- 
Estrella'’ and Juan Luis Rodriguez-Tudela'’ *
'' Servicio de Micologia. Centro Nacional de Microbiologia. Institute de Salud
Carlos III.
2 CBS-KNAW Fungal Biodiversity Centre. Utrecht. The Netherlands
^Corresponding author; Juan Luis Rodriguez-Tudela. Servicio de Micologia. 
Centro Nacional de Microbiologia. Institute de Salud Carlos III. Ctra 
Majadahonda Pozuelo km 2 28220 Majadahonda
Resumen; Se ensayaron 9 antifûngicos mediante la metodologia EU CAST frente a 35 
cepas de Uchtheimia spp. Uchtheimia ramosa mostro CMIs ligeramente mayores para 
todos los antifûngicos aunque no se encontraron diferencias significativas entre las 
distintas especies. El posaconazol fue el azol con mayor actividad in vitro mientras que el 
voriconazol fue inactive. Las equinocandinas mostraron actividad frente a algunos aislados 
planteando una alternativa en terapias combinadas.
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Antifungal susceptibility profile of human pathogenic species of Uchtheimia.
Ana Aiastruey-lzquierdo\ Isabel Cuesta\ Grit Walther .^ Manuel Cuenca-Estrella  ^and 
Juan Luis Rodriguez-Tudela^*
 ^Servicio de Micologia. Centro Nacional de Microbiologia. Instituto de Salud Carlos III.
 ^CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands 
ABSTRACT
Thirty five isolates belonging to human pathogenic species of Uchtheimia vyere tested 
against nine antifungal agents by using the EUCAST methodology. No remarkable 
differences were found anwng the clinical species although L  ramosa showed slightly 
higher MICs for all drugs. Amphotericin B was the nrx)st active drug. Among azole 
drugs, posaconazole had the best activity. Voriconazole was inactive in vitro. 
Echinocandins showed activity for some isolates suggesting a potential role in 
combination therapy.
INTRODUCTION
In the last years, the number of cases of zygomycosis (mucormycosis) has increased 
probably due to the increasing population at risk The course of zygomycosis 
infection is rapid progressive and potentially fatal remaining the rates of mortality and 
morbidity high. Gold standard therapy has not been established yet. It usually requires 
a combination of measures including antifungal treatment, surgical intervention, and 
control of the underlying risk factors The agent of choice for treating this infection is 
amphotericin B Posaconazole has been used as salvage therapy for zygomycosis 
improving the outcome of the patients In addition, echinocandins have been used 
in combination therapies, pointing out the potential utility of other antifungals in 
zygomycosis treatment
The genus Uchtheimia is the third most frequent genus isolated in these infections, 
being responsible of approximately 5% of cases This genus has undergone several 
taxonomical changes in the last years. Thus, Lichtheimia species were originally 
classified in the morphologically similar genus Absidia. However, molecular 
phylogenetic analyses revealed their belonging to a separate genus, named 
Mycodadus that had to be renamed in Uchtheimia recently Based on 
morphological, physiological and molecular data five species were proposed in this 
genus (Alastruey-lzquierdo et. al.submitted); Uchtheimia corymbifera, Uchtheimia 
omata, Uchtheimia ramosa, Uchtheimia hyaiospora, and Uchtheimia sphaerocystis. of
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which only the first three are clinically relevant. In the last decades L  corymbifen and 
L nmosa were treated synonymous, and susceptibility values of 'Absidia corymbffera' 
or 'Mycocladus corymbiferus' may refer either to L  corymbifera or to L ramosa. In our 
setting. L ramosa Is more common than L corymbifera. In order to know the antifungal 
susceptibility profile of all clinical Lichthelmia species we have analysed the activity of 
nine antifungal agents against 22 Isolates of L  ramosa and 12 Isolates of L  
corymbifera. Only one Isolate of L  omata was available.
Strains. A total of 35 clinical isolates of LIchtheimia species were obtained between 
1999 and 2008 in the Mycology Reference Laboratory of the National Centre for 
Microbiology of Spain. Twenty two strains were Identified as L  ramosa, 12 as L  
corymbifera and one isolate as L  omata by means of ITS sequence comparison 
according to Alastruey et ai. (submitted). Fourteen strains were Isolated from 
respiratory sites, six from skin, four from exudates, one from gastric juice, one from 
peritoneal drainage, and one from hospital air. The source of eight strains was 
unknown.
Antifungal susceptibility testing. Microdilution testing was performed following the 
EUCAST standard methodology Inoculum preparations were performed by means 
of counting spores in an hematocytometer Aspergiiius fumigatus ATOC 2004305
and AspergiUus fiavus ATOC 2004304 were used as quality control strains
The antifungal agents used In the study were amphotericin B (SIgma-Aldrich Quimica), 
Itraconazole (Janssen Pharmaceutica, Madrid, Spain), voriconazole (Pfizer SA., 
Madrid, Spain), ravuconazole (Bristol-Myers Squibb, Princeton, U.S.A.), posaconazole 
(Schering-Plough Research Institute, Kenilworth, N.J.), terblnafine (Novartis, Basel, 
Switzerland), caspofungin (Merck & Co., Inc., Rahway, N.J.), micafungin (Astellas 
pharma Inc., Toklo, Japan) and anidulafungin (Pfizer SA.). The final concentrations 
tested ranged from 16 to 0.03 mg/L for amphotericin B, terbinafine, caspofungin, 
micafungin and anidulafungin, and from 8 to 0.015 mg/L for Itraconazole, voriconazole, 
ravuconazole and posaconazole. The plates were Incubated at 35*C for 48 h In a 
humid atmosphere. Visual readings were performed at 24 and 48 hours with the help of 
a mirror. The endpoint for amphotericin B, itraconazole, voriconazole, ravuconazole, 
posaconazole and terbinafine was the antifungal concentration that produced a 
complete Inhibition of visual growth at 24 and 48 hours. For the echlnocandins the 
endpoint was the antifungal concentration that produces a visible change in the 
morphology of the hyphae compared with the growth control well (minimum effective 
concentration, MEC)
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Table 1 shows the geometric mean (GM) of MiCs and range for the three Uchtheimia 
species identified by molecular methods. Since the time plays a critical role in the 
management of these infections and most menrbers of the Mucorales are fast growing 
fungi, it has been recommended to give MICs results for this fungal group at 24 hours 
However, we provide results at both times because it is stii not dear if all resistant 
strains can be detected after 24 hours. Although no remarkable differences were found 
between L  corymbifara and L ramosa, the latter spedes showed slightly higher MICs 
to most drugs. The highest differences were found for itraconazole (GM of MICs of L  
ramosa 2.66 mg/L and 0.89 mg/L for L corymbifera at 48 hours of incubation). MICs of 
L  omata were only based in one isolate, therefore no condusions could be obtained 
and more isolates are needed to evaluate the action of antifungals against this specie. 
Amphotericin B was the most active drug, showing a GM of 0.07 mg/L at 24 hours. 
Among the azoles voriconazole was invariably Inactive against all Isolates whereas 
posaconazole had the highest activity (GM of MICs of 0.33 mg/L at 24 hours). Although 
Itraconazole has shown poor activity against most zygomycetes  ^ several isolates of 
Uchtheimia showed low MICs to this drug. These results are In accordance with 
previous reports where L  corymbifera showed the lowest MICs to Itraconazole among 
zygomycetes spedes Terbinafine showed low MICs for most of the strains, 
although some Isolates had MICs higher than 2 mg/L. Regarding echinocandins, two 
out of 12 strains of L  corymbifera and three out of 22 of L ramosa showed low MICs at 
24 hours. Anidulafungin was the echlnocandin showing the best activity espedally 
against L  ramosa where 10 out of 22 strains showed MICs < 2 mg/L, pointing out the 
potential utility of this drug In combination therapies against this species. More data are 
needed in order to obtain a dear picture of susceptibility profile and clinical importance 
of these species. Little Is known about their prevalence, and there are no studies 
regarding epidemiology, pattern of disease, risk factors, etc. We strongly recommend 
sending all strains of Uchtheimia spedes Involved In human Infections to reference 
laboratories where those Isolates can be properly identified to spedes level and where 
antifungal susceptibility testing can be performed. In such way, the Importance of these 
spedes could be ascertained.
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3.4 .1 . Anâlisis de las nuevas especies de 
P s u d a l l e s c h e r i a  y S c e d o s p o r i u m
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Vol. 51, No. 2
Prevalence and Susceptibility Testing of New Species of 
PseudaUescheriii and Scedosporium in a Cbllection of 
Clinical Mold Isolates^
Ana Alastruey-lzquierdo, Manuel Cuenca-Estrella, Araceli Monzon, and Juan L, Rodriguez-Tudela’* 
Servicio de Micdo^ a. Centro Naciotial de Mkroixolo^ a. Instituto de Salud Carlos in. Madrid, Spain 
Received 21 September ZOO^'lteiurited Dor tnodiâcatioa 21 October 20D4Accepted 4 November 2096
Resumen; Se analizo la prevalencia de las nuevas especies de Pseudallescheria y 
Scedosporium  en una coleccion de 46 aislados clinicos. La identificacion se hizo mediante 
métodos morfologicos y moleculares. Se detectaron cuatro Scedosporium aurantiacum. El 
perfil de sensibilidad de S. aurantiacum fue similar al de S. apiospermum.
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Prevalence and Susceptibility Testing of New Species of Pseudallescheria and Scedosporium in a Colection of 
Clinical Mold Isolates^
Ana Alastruey-lzquierdo, Manuel Cuenca-Estrella, Araceli Monzôn, and Juan L. Rodriguez-Tudela*
Servicio de M icdogta, Centro Nacional de Microbiologia, Instituto de Salud Carlos I I I ,  M adrid, Spain 
Received 21 September 2006/Retunied for modificsdioa 21 October 2006/Accepted 4 Novemba 2006
The prcvakacc of mew spedes atPseudaUesekeria oad Scedmportum in o collection of 46 clinical isolates was 
analyzoË. Siraia hlemtücatlon was dome by msorphoiogkal and aeolecnbw methods. Fear Scsdasporium ammo- 
tkteum  iooUtco wore detocted among the panel of chnkal strains. The susceptibility proAle of S. mm M lactm  
was simXar to that of Setiosperium apiospenmm.
Pseudallescheria boydU is a pathogen able to cause atyny)t(xu- 
die coloaizatioo and localized and dimcminatod infections (11).
Recently, it has been demonstrded that high genetic varia­
tion exists in the P. boydii species cooqdex (2, 4, 8). Two new 
q>ecies, Pseudallescheria minutiapora and Scedosporium auran­
tiacum, are phydogenoticaUy and mor^logically separated 
from P. bcydU. In addition, P. angusta, P . elhpsoidea, and P. 
fusoidea seem to present genetic differences and could be pro­
posed as new species of Pseudallescheria (4).
We have m itfza d  the prevalence of these new species and 
their antiteigal suscq)tiWldy profiles m a cdlection of dmkal 
Isoldes of P. boydii.
Strains. A total of 46 clinical isoldes of P. boydii and S. 
apiospemmm were included in this stu^. Twenty-four strains 
were iscdated from reqpirdoiy sites, five from biopsies, six from 
ear sanqdes, five from alcin, four from ocular samples, one from 
blood culture, and one frmn an abscess.
TaWe 1 di^ days the identificdion of the 42 sequences ob- 
tdned from t k  GenBank database thd were used as controls.
Merphelagicai idcntl&catlen. All isoldes were identified by 
convwtional methods (3).
PCX and DNA sequencing ef the intemal transcribed 
spacer (ITS) region. Molds were cultured ki GYEP medium 
(03% yeart extract, 1% peptone [Difco, Madrid, Spain], 2% 
ÿucose [Sigma Aldrich Quxnica, Madrid, Spam]) for 24 to 
48 h d  30*C. Genomic DNA was isolded usmg a previou^ 
descr&ed extraction procedure (5).
DNA segments conpristng the ÏTS1 and ITS2 regions were 
amplified with primers ITSl (5'-TC0GTAGGTGAACCTGC 
GG-3 ) and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') (1) 
in a GeneAmp 9700 PCR system (Applied Biosystems) (10). 
The reaction products were analyzed in a 03% agarose gel.
Seqprendng reactiom were dmre whb 2 pi of reaction mix­
ture from a sequdtcmg kk (B%Dye termiodor eyrie sequenc­
ing kk, Rearty Reaction mixture; i^|kied Biosystems), 1 pM of
* Cerrespoudiag wtbcr. MaiUag address: Servicio de Mieologta, 
Ceatro Nadooal de Mietobioiogia, lastitdo de Sahid Cdfos III, O n . 
Majadafaanda-Pozuelo Km 2, 28220 Mqadabonda (Madrid), Spain. 
Phone: 34-91-822366L Pax: 34-91-5097966. E-mail: juanlrodriguez 
-twdela@isciii.es.
 ^Pubbshad ahead of print on 13 November 2006.
the prkners (ITSl and ITS4), and 3 pi of the PCR product 
in a final vc^ ume of 10 pi.
Sequence analysis. Sequences were assembled and edked 
using the SeqMan II and BdkSeq software packages (La­
ser gene; DNAstar, Inc., Madison, W I). Sequence andysis 
was performed by comparistm of the DNA sequences wkh
TABLE L Scedosporium nfareoce strains used for comparnon of 
ITS lequsnces and tbak OeuBaak accassioB auafoars
%%cks Stiaia ideoiiAcatioa GaaBaak acoMsios ao.
PseudaOexheria anguMa AJ688414PxudaBetcherla angusta AW8413Pseuàaûeacheria eJlipaoiàea CBS418,73 AJ888426Pstudaikscheria etlipacidea AXmZJPseudallexheria fijddta CBS106,53 AJ888428PseudalUxheria fuaoidta AJ888429fytudaBescheria minutispara AH88424Pseudalleicheria minutiapora AY228119PseuddSeacheria minutiapora A188S3S4Scedosporium apiospermum AM88443Scedo^otiwn apiospermum AJ888392Scedosporium apiospermum AP181S5SScedosporium apiospermum AJ888385Scedosporium apiospermum AH88438Scedosporium apiospermum AJS88391Scedosporium apiospermum AY213683Scedosporium apiospermum CBS 10854 AÏ228112Scedosporium apiospermum AJ888400Scedosporium apiospermum A\217658Scedosporium apiospermum AY228123Scedo^orium apiospermum AY939802Scedosprorium apiospermum AP4S5484Scedosporium apiospermum CBS 10122 AY213680Scedosporium apiospermum AY213661Scedo^orium apiospermum CBS 59190 AY228118Scedosporium apiospermum AY228122Scedo^vtium apiospermum AY213682Scedosporium apiospermum AW88398Scedosporium apiospermum AJ88W36Scedosporium apiospermum AM 8386Scedosporium apiospermum AJ8tt387Scedo^iorium apiospermum AJ888394Scedosporium apiospermum AH88397Scedosporium apiospermum A3888405Scedo^orium apiospermum AJ888410Scedosporium apiospermum AK88411Scedo^crium apiospermum CBS10122 A168843SScedosporium apiosperrmm AM88437Scedosporium aurantiacum AÆ8S432Scedos>orium aurantiacum AJ888439Scedo^orium aurantiacum AJ888440Scedosporium aurantiacum AJ888441
748
139
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76
54
70
AJ888438 SctdiMparlum aurandacum
A JS ttM S cW m nafn awrardacum
A«88441 ScadoqMrium auratSacim
C M W I ScedMpeWn auraadacim
CM w e Scadatpartfn auraMiaeum
CM 3923 Sctdawariutn auramdacum
CM41D Scedospoiun auraWacam
AJ989432 ScWMparium aurandacwn
M8884t4 P w itM n ch e rii angMaa
*m 4 1 3 PscwMnchcna anguata
4*89434 PseudgtsdKtn m na ispn i
AY22I1I9 P tC uiM nchtrti iwnudnwa
4*88384 Pwutaleschrrn mwuaapcra
4JW 437 PscwM ndnn» aSpaoidea
4*88438 P tw M n c m rn luaoidaa
4IK8439 P u u M n d w ii tisoidaa
4*W 443 Scc4o«p«wii apiospemaan
4Y213881 S m W rpeW apeapafflwn
CM 2861 ScedMpoafn aplaapamaam
CM 3153 ScaaMponum apiaspannm
CM 3328 ScatoipMium apiaapaimum
CM 3345 Seadomrium apMapamaan
CM 4847 ScedMpMtm apioapamnm
CM4114 Scwlwpe*m Watpamaan
4*88388 Sctdsipvlw n apieapamaan
4*88387 ScadPipoPum apieapamwm
4*88393 SceAnpsum apoapamaan
4*88394 gciW ip irlum apMapamaan
4*88387 ScsdaapeMm apfaapamaan
CM 3188 ScedtMpwMm apnapemaan
CM 3333 Scpteiparlum apMapamaam
CM 3484 SeaWnwlMm apieapamaan
CM 3388 ScMlotporium apiBspamaan
CM 3998 S cadnpei*” apkapamaam
CM 871 9ca*Mpanjm apMapamw
AV3178» ScaAnpaAim SdBipatmaw
CM 7154 ScedMpeWn apiaapamaaw
CM 3367 ScadosMrium apiaapamaan
CM 3888 ScadBMWdum apMapamaan
CM 3954 ScadBsporium apMapemam
CM 3883 ScadaapsWn apiBapamam
AY838883 ScidBtpadum apiaapamaan
CM 2313 ScadBtpadum apMapamaaw
CM 3517 Scadoipadwn apiaapamaan
CM 3787 ScadaipadMm apMapamwrn
CM 3888 ScadBapodum apeaparman
4*88480 ScadBwadwn apiaapawaaw
CM 3571 Scadaapadum pralfcans
FIG. 1. Pkytogeaetic tree of the nb tet of isolates iaetaded m the study obtained by usimg maximum pareaaoty phylogenetic analyses and 2,000 
bootstrap simulations based on ITS sequences. Scedospomim proUficm a CNM-CM-3751 was used as the outgroup to root the tree.
42 ITS xquences of Scedosporium and Pseudallescheria 
straim obteiand from the GenBaak database (httpV/www 
.a*Laüt.gov/GeaBaa&/). Rril ûrfbnaatba about these 
atratas is displayed ia Table 1.
Phylay  aetfc aaalys^ AX phgr logeas tic asu^ses #ese coa- 
duched with Fiagerpriatiag II labroMtix software, veisbn 
3.0 (Bio-Rad L^ratones, Madrid, Spain). The method^ 
ogy used was laaxiawm parmnooy cksteriag. Phybgmm 
stability was assessed by parsimony bootstrapping with 2,000
simulations. The ITS sequence of Scedosporium prolificans 
CNM-CM-3571 (Mold Collection of the Spanish National 
Center for M icr^io&w ) was used as the om%#oup.
dadltegal sasceptMXty tasthag. Miceodihitioo testigg was 
perfbnaed followktg the CLSI (fermer^ NCCLS) sefeseace 
method (6) w ^  the foBowing miacw modificatioan (i) RFMI 
1640 was suppteatcnted with ^ ucose to neaeh a 2% coacentea- 
tioa. (ii) Inoculum size was between 1 X 10^  to 5 x h f 
CFU/mL Inoculum préparations were performed by meams of
-140
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TABLE 2 AatifiugaJ auceptibUky resuHs for diniGal iaolaies of Sesdaporium auimnàoatm mad geoaaetric memn 
asd range of the 42 Scedo^pofoun apioaperamm iiolates
In lM e Stfrnim ma Smaipte
M lC(agiVtar)
Aaphateticai B Itncoaacote Vodcoamzok
s. aurantiaaim CNM-CM-2923 Corneal 8 16 16
CNM-CM-2631 Sputum 4 2 0.5
CNM-CM-2846 Ear swab 16 8 1
04M-CM-4183 Branchial aspirate 8 16 0,5
Geometric memi 6.96 6.06 115
S. spiapermum
Geometric mean 621 262 0.73
Range 0.25-32 0.25-16 0.125-16
countkig spores io a hematotytometer (1, 7, 9). AspergiUus 
fiim igatus ATCC 2004305 and Ajpetgjàus fiavus ATCC 
2004304 were used as quality control krams (6).
The antkamgd agents used k  the study were amphot erick B 
(range, 16 to 0.03 rng^ker) (Sigma Aldrich Qufauca), kracon- 
azole (range, 8 to 0.015 mg/liter) (Janssen S.A., Madrid, 
Spam), and voricoaaz(4e (range, 8 to 0.015 mgAker) (Pfizer 
SA.). The ea^pokt was the aatkiogal concentration that pro­
duced a conqdete inhibition of visual growth at 48 h.
Merpheiegical iientlicatlen. All straks were identified as 
Scedctporium aptotpetmum  by conventional methods (3). We 
were not able to identity by moqkological diaracterikics the 
new proposed species (4, 8).
Molecular MentWkatlen. Figure 1 shows the phylogenetic 
analysis by means of maximum parsimony of a subnet of the 
steaks included k  the study. Among 46 clkkal strains ana­
lyzed, Com S. awantiacum  straks were identified with a boot­
strap vkue of &99. They were isdated from sputum, brondiial 
aspirate, a comeal sample, and an ear swab. In this collection 
of dkksd isolates, we did not found any strain of P. m inuta- 
pom  Of P. anguMa, but the sequences obtaked from GenBank 
were supported by bootstrap values of 73 and 65, respectively. 
On the other hand, the analyses o i ITS sequences kdicate that 
PseudaUescheria éMpsoidea and P. fusoidea are mdistkguish- 
abk from S. apio^erm um  isolates (Fig. 1).
AntXhngal suscepttdllty testing. The MICs of antifimgal 
agents for the ccdlection of dinical isdates are shown m Tabk 
2. They are sorted by species identification by memu of ITS 
sequencmg.
It has always beoi suspected that PseudaUescheria boydii was 
a complex of species. Hitherto, mor^ological analyses of 
PseudaUescheria boydii isolates did not afiow for a dear sqra- 
ratkn amcmg different qxcies. However, the analysis of DNA 
serproices has permitted the proposal of new iqiecies from 
Pseudsdkscheria, such as S. aumnUacum, P. tm mtispora, P. 
angusta, P . eUipsoidea, and P. fusoidea (4, 8).
We examined the prevalence of these new q>ecies k  a col­
lection of dinical isdates. ITS seqpience analyses revealed the 
presoice of four S. awantiacum  straks, obtained frcnn sm 
ocular sample, an ear swab, tnonchial aqnrate, and ^tum , 
and no straks of P. m inutkpora. Although Gilgado et al. (4) 
have defined morphological characteristics to identity S. au- 
mntiacum  and P. minutispom, great experiaice k  dassical tax-
ratomy is required to perform this task. Therefore, it is not 
oqpected that many dkical microbioU^ laboratories are aWe 
to idostity those new qjecies unless they use molecular meth­
odology. R%ar«Hng susceptibilhy to antihmgal drugs, S. aunin- 
tiacxoH seems digbtly more resistard than S. apio^temuun to 
aaqphoterick B and itraconazole, ahhou^ a higher number of 
isoktes should be analyzed before any condusion is drawn 
(Table 2).
Becmrse little is know about the prevalence of these new 
species and therefore there are no studies r%ardkg qridemi- 
oiogy, pattern of disease, ride factors, antifungal suscqkibilhy 
testing, etc., we strongly recommend sardkg all straks of 
Scedosporium species kvolved k  human infections to refer­
ence laboratories where those isolates can be property identi­
fied to the qiecies levd and antifimgal susceptibility testing can 
be performed. In this way, the kqrortance of these new qrecies 
can be ascertaked. Meanwhile, and eq>ecially for dkical use, 
it would be better to maktak the use of the S. apio^em m m  
name. Prom a practical pokt of view and for dkkal microbi­
ology laboratories, we suggest performing antifiingal suscqiti- 
bfihy testkg rather than ajqil^g mokckar methods for the 
identification of these species.
Ana Alastruey-lzquierdo has a predoctoral fellowship from Fmido 
de lavesligadoaes Sankarias (grmt F105/00856). This work was sup­
ported in part by research project PY05/32 from the Instituto de Sakd 
Chrlos 111.
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Resumen; Se ensayo la actividad de 35 combinaciones de antifûngicos frente a 
Scedosporium spp. mediante el método del “tablero de ajedrez” analizandose la 
concentracion inhibitoria fraccionaria (GIF). En general las combinaciones tuvieron un 
efecto indiferente menos en las combinaciones de azoles y equinocandinas sobre 
Scedosporium apiospermum. No se detectô antagonisme para ninguna combinaciôn en 
ninguna de las dos especies.
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ActhrMlet 35 ceebtoallw  of ■■tMhrngil mpmW mgmWt Sctdaiporium  spp. were aaatyzed by a checker- 
beani askratUhsnea dcsigB aad the samaxattem ef fractlaaal ceaceatrattoB iadcx. Aa average ladt&remt effect 
was detected apart freai ceasbtmattaas ef azek agents and echlnecandlns against Scedo^mium apla^enm m . 
A^geaisai was absent for aU antlftingal cembinatteas agaiast beth species.
Scedo^orium apiospermum (Pseudallescheria boydii) is ccmsk- 
ered to be susceptible to voriecmigole, posaconazole, and micon­
azole and ^ jpean to have various susoq)tibilitics to itraconazole, 
ketoconazole, and aaqphoteridn B. S. prolificans seems to be 
more reristant than S. apioapermum to antifungals, tderatingvir- 
tualty all systemicaUy active antifiingal ggpots, indudiug the new 
triaztdes aad edunocandias (2,4,6-10,16,17, 22).
Combination thenqiy could be an alternative to mono- 
theraqjy for patients with invasive infections that are diginilt to
treat, such as those due to multiresistant spedes, and for those 
who foil to reqxmd to standard treatment (5, 13, 14).
We have analyzed the in vitro activities of 35 cosobinkions 
of broad-spectium antifungal agents against a panel of dinical 
isolates of S. apiospemmm and S. prolificans.
(This study was presented in part at the 46th Interscience 
Conference on AntmucrobW Agents aad Chemotherapy, San 
Francisco, CA, 2006.)
FangL Twdve S. apiosperttuim clinical strains and 12 S. pro-
TABLE L Susceptibility results of 24 cimical isolâtes of Scedoiporium spp.
A M B u i^ ag N K
M IC or MEC
Scedosporium apiospermum Scedosporium prdHjicans
Rsage Mode» Oeonetric
■ C M
50% 90% Ruge Mode Oemaetncreesa 50% 90%
Amphoteocm B 0.25->16.0 4.0 4.87 4.0 16.0 20->16.0 16.0 13.9 16.0 >16.0
Flucytosiae >64.0 >64.0 >64.0 >64.0 >64.0 >64.0 >64.0 >64.0 >64.0 >64.0
Itraconazole 0.25->8.0 8.0 3.28 4.0 >8.0 2O->8.0 8.0 >8.0 8.0 > 8 . 0
Voriconazole 0.12->8.0 1.0 0.93 1.0 4.0 10->8.0 8.0 >8.0 >8.0 >8.0
Ravuconazole 0.50->&0 4.0 3.92 4.0 >8.0 20->8.0 >8.0 >8.0 >8.0 >8.0
Posacoaazole ai2-> 8.0 1.0 1.18 1.0 >8.0 10—>8.0 >8.0 >8.0 >8.0 > 8 . 0
Teitwaflee 4.0->16,0 16.0 >16.0 16.0 >16.0 8.O->16.0 16.0 >16.0 16.0 >16.0
CasprrfuBgiu >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0
Caqiofuagm' 0.03->16.0 8.0 256 0.50 >16.0 10->16.0 1.0 6.56 8.0 >16.0
Mickuagm >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0
Mkafuagm' 0.03->16.0 0.03 0.39 0.12 >16.0 0.03->16.0 >16.0 269 8.0 >16.0
Auiduhdungm >16.0 >16.0 >16,0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0 >16.0
i^uduhkmgia^ 0.50-4.0 LO 1.19 10 4.0 10-4.0 4.0 4.0 4.0 4.0
'  The tSMe displiyi smam tesulk of two wpecilioes pefforswd oe diiM eat days. 
* Mode, most frequent VuC vahm.
'  MEC vahies are shows is this tow.
* Conrespoediag author. Mailiag address: Servicio de Mkologfa, 
Cmtro Nacional de Microbiologfa, Instituto de Salud Carlos III, Ctra 
Mayadaboada-Poguelo Km 2, 2 8 ^  Mrj adahooda (Madrid), Spam. 
Phone: 34-91-8223661. B ar 34-91-5097966. E-mail: mcueaca-estreUa 
@iscüLes.
* Published ahead of print on 14 January 2008.
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TABLE 2 Average Fid by Scedotporium app. per amkmgrnl oonbiaatkMi'
Combina lion*
Soedcapcrium apiopenmm Seedoipornim proUflcani
M IC MEC M IC MBC
FICi
Na (%) of 
ausias showing 
tjtaigf
n a
Nft (%) ot 
suswuaaéwi^  
syaeigy
FICI
No. (%) ef 
auums a6ewà% 
«yiwgy
FICi
N o .(% )e f
sUuËsaaésWeg
■yaefgy
AMB pk* 5-FC 180 0/12(0) NC= NC 20 0/12(0) NC NC
AMB phis TBF 20 0/12(0) NC NC 20 0/12(0) NC NC
AMBpksITC 0.93 1/12(8.3) NC NC 20 0/12(0) NC NC
AMBphnVRC 0.68 2/12(16.6) NC NC 114 2/12(16.6) NC NC
AMBptasPOS 0.79 2/12(16.6) NC NC 189 6/12(0) NC NC
AMB pint RVC 0.82 3/12(25) NC NC 151 0/12(6) NC NC
AMBpksCPF 126 2/12(16.6) 0.68 1/12(8.3) 20 0/12(9) 0.89 2/12(16.6)
AMB phK MCF 187 0/12(0) 0.85 4/12(33,3) 20 0/12(0) 155 0/12(0)
AMBpksADF 152 0/12(0) 1.30 0/12(0) 20 0/12(0) 1.02 0/12(6)
5-FC phis rrc 184 1/12(8.3) NC NC 20 0/12(0) NC NC
5-PCpksVRC 183 1/12(8.3) NC NC 20 0/12(0) NC NC
5-FC phis POS 186 0/12(0) NC NC 20 0/12(6) NC NC
5-PC plus RVC 184 1/12(8.3) NC NC 20 0/12(0) NC NC
5-FC {dus CPF 20 0/12(0) 20 0/12(0) 20 0/12(0) 10 0/12(0)
5-PC plus MCF 20 0/12(0) 20 0/12(0) 20 0/12(6) 16 0/12(6)
5-FC plus ADF 20 0/12(0) 1.87 0/12(0) 20 0/12(9) 1.88 0/12(6)
TB F phis IT C 0.66 4/12(33.3) NC NC 20 0/12(0) NC NC
TBFjdus VRC 144 0/12(0) NC NC 113 3/12(25) NC NC
TBF phis POS 109 0/12(0) NC NC 191 0/12(6) NC NC
TBF plus RVC 0.89 1/12(8.3) NC isrc: 101 3/12(25) NC NC
TBF phis CPF 1.29 1/12(8.3) 1.57 1/12(8.3) 138 0/12(0) 0.65 1/12(8.3)
TBF plus MCF 189 0/12(0) 0.99 5/12(417) 20 0/12(0) 1.85 1/12(8.3)
TBF phis ADF 1.81 0/12(0) 1.91 0/12(0) 20 0/12(0) 1.77 1/12(8.3)
rrc ^  CPF 0.24 12/12(190) 0.29 1202(100) 20 0/12(0) 1.32 0/12(0)
rrcphuMCF 0.54 6/12(50) 0.24 8/12(66.6) 20 0/12(0) 10 0/12(0)
rrc plus ADF 144 0/12(0) 0.54 4/12(33.3) 1.91 0/12(0) 10 0/12(0)
VRC plus CPF 0.62 3/12(25) 0.41 8/12(66.6) 20 0/12(0) 1.41 2/12(16.6)
VRC plus MCF 0.87 1/12(8.3) 0.36 7/12(58.3) 20 0/12(6) 1.56 0/12(6)
VRC phis ADF 173 0/12(0) 0.66 0/12(0) 20 0/12(0) 1.14 1/12(8.3)
POS phis CPF 0.39 8/12(66.6) 0.39 9/12(75) 20 0/12(6) 1.70 6/12(6)
POS plus MCF 0.92 5/12(41.7) 0.39 602(50) 20 0/12# L89 6/12(6)
POSphu ADF 173 0/12(0) 0.66 2/12(16.6) 20 002(6) 1.79 6/12(0)
RVC plus CPF 0.35 11/12(91.7) 0.34 10/12(83.4) 20 0/12(0) 0.75 5/12(417)
RVC phu MCF 0.38 7/12(58.3) 0.28 11/12(917) 20 0/12 (O) 10 6/12(0)
R V C  plus A I» 0.47 7/12(58.3) 0.44 6/12(50) 20 0/12(0) 1.63 6/12(0)
'T h e  tsbkshow* reeuNs aAsr two lepetitioesperforned m  dMbneetdeys.
‘  AMB, aaptorericie B; 3-FC, Bwcyloiiec; TBF, teiMeaflae; TTC. kracoeaaHe; VRC, veticeaaeole; POS, poMcoaixole; RVC, nwcemmek; CPF, caapefmgia; 
MCF, aricaiiagia; ADP, aeiduiafttqgm.
'  NC, aet cakulared.
Uficara krams were tested. The majority of isolates (n = 16) 
were obtained from Wood csltares and Ae remainder (n = 8) 
from spectaeos o£ deep sites. AspergiJbu fumigattts ATCC 
204305 and A^etgiOus flam s  ATCC 204304 were induded as 
qnality costrW organisms (9, 20).
AiUlflmfBl agorts. Aotifaigal agents used were mnpbotericin 
B (rae%c, 16.0 to 0.03 pg/nû; Sigpia-Aldricfa Quimiea SA., Ma­
drid, ^asa), ÊtKytosme (nags, 64.0 to 0.12 pgW; Signa- 
Aldrich), itraoonazWe (rax e^, 8J) to 0j015 pgflsà; Janssen SA., 
Madrid, Spaing vorioonazWe (range, &0 to 0D15 pgW; Pfizer 
SA, Madrid, Spain), rawxcoxnmWe (raxige, 8.0 to 0.015 pg/td; 
Bristol-Myers Stpdbb, Princeton, NJ), posaconazole (ra%e, 8.0 
to 0015 (igM; Schering-Plo^i, KenüwwA, NJ), terinnafiae 
(la t^ , 16.0 to 0.03 pgW; Novartn, Basd, Swhzeihmd), caqx>-
fungin (range, 160 to 0.03 pig/od; Merck & Co., Inc., RWxwxy, 
NJ), micxAmgin (range, 16.0to 008 pgffii; Astras Pharsm, Inc., 
Tokyo, JapanX xmd awdtdafaRgin (range, 16.0 to 003 p g ^  
Pfizer SA).
Axxtifixagal anse «pIfclBly temffxxg. The individaal MiCs were 
determined by following the recommendations of the ^ropean 
Subcommittee for Ant ifiax^ Smceptibihty Testing of the Bmo- 
peanConaxxxttee for AatimicroWWSxxsccptMity Testing (AFST- 
EUCAST) (1,11,15,21, 23).
For am^oteiida B, flu^osine, and aaWe coatywnnds, Ae 
MIC was defined at the kmeri conoexxtrntion of the asxtifxxngal 
agent that coaapletety inhibited fangal growth. For echinocan­
dins, two different visnal determinatione of Ae endpoint were 
perfonsed: (i) compte iahfoition of growA (MIC) and (ii)
-146 -
1138 NOTES A m tim icrob . A gents Ckemotubr.
Ae lowest dnig concentiatk» rearaltkg in aberrant hypbal 
growth by examination with an inverted microscope, or the 
minimnm effective concastration (MBC) (3, 24).
Weractiem ef dmgs in vitra. Drug interaction was evaluated 
in a checkerboard microdiutk»! desjgn. The combined effects 
WM'e miatyzed by summation of the fractionk concerffrkkm 
index (FICi). For combinations indading echinoc^din, the 
FICi was also calculked taking kdo accotmt both the MIC aad 
the MBC of the echiaecMsdin. The interactions were defined 
as synergistic if the FICi was ^03, as antagmiistic if the FICi 
was >4, aad indifferent (or no mteractum) if Ae FICi was >05 
but £ 4  Duplicate testing was performed on two separate days.
Analysis af data. Descr^tive statistical anatysis of MIC, 
MBC, and FICi values was done wiA Ae Statistical Package 
for the Socnd Scimces (SPSS, version 15.0; SPSS SX., Madrid, 
Spain).
Resnlis and diseasslan. Table 1 Aowsthe susceptfoitty test­
ing results of Scedoqxmum clinical strains.
Regarding interactions of aotifuagal agents, a summary of 
the combined effects in vitro is displayed in Table 2. For S. 
apiospenmm, an average indifferent effect was detected for 
combinations including am}Aoteridn B, flurytosine, and terbin- 
afine. However, average tynergy was detected for some isrdates 
and combinations of azole %ems asxd ecbmoeandios. In addi­
tion, some combinkioos showed synergy agamst a percentage 
of straias of 5. apiaperm um . Aa^hotericin B caAibited a pos­
itive effect against 15 to 25% of isolates when combined wiA 
azole agents. The combinkkm of terbinafine plus itraconazole 
was synergistic against one-Akd of the isolates. The highest 
rates of synergy were obtained for azole agents plus echino- 
candins, particularly whh itraconazole plus caspofungin, which 
exhibüed tynergy against 100% of strains. Other azole and 
eduDocandia comt^kkms also showed qmergy against signif­
ie d  percentages of S. apiopeim um  isolates
As for Scedosporium prolificans, all combinatkHis were mdif- 
ferent but synergy was detected for 15 to 25% of isdates for 
some combinatioas. The most active combination was ravucon­
azole )dus caqx)fiingin, uhidi was synergistic against 41.7% of 
S. prolificans isolates vhen MBC values were used as end­
points.
Notabty, antagmtism was absent for all antffungal conibina- 
tions agamst both Scedosporkun spp.
The cooAined activity of antihiogal agents against Scedoqto- 
rium has rard^ been evaluated previously. A report rm Ae 
combined effect in vkro of anqAotericin B and azole agents 
(miconazole, itraconazole, and fiuconazole) againk S. apaper- 
mum was pA4iAed in 1995(26). Authors u ^  the checkerboard 
technique and described an average indifferent effect, but tynergy 
was fixmd for some isolates, paitkulaity for the amphotericin B 
aad miconazole combinatkm. Antagonism was not rqxwted.
Mdetiadii et k . repeated that the cmnbin^km of terbm- 
afine wiA imccmaiole, voriconazole, or itracrmazole showed 
synergy in vitro againk S. prolificans (18, 19). The tyneigistic 
effects were more poteA after 72 h of incubation. AuAors used 
Ae checkerboard technique with three different reading meA- 
ods, one spectrqAotonmtrical and two adorimetrk tech­
niques. An Alternative response surface ^Tproach method was 
used for assessing drug kderaction as well (18).
Our results concur wiA Aose found years ago for S. apk>- 
qrermum. AmjAotericin B and azcde agents Aowed synergy
against a number of iscdates, alAough an mdifferent effect was 
the most commrm kteractkm. However, our data are somehow 
different from results reported by Meletiadis et aL We did not 
find a tyuergistic effort between terbinafine and azde ageAs in 
all cases. We observed synergy fw  25% of S. prolificans isolates 
and only tret ween voriconazWe plus terbinafine and ravucon­
azole pW tm'tunafine.
We have obtained some novel results as well. Combinations 
inctudieg an azole agent phis an echinocan^ eAfoited syn­
ergy against most S. qdospem um  isolates. The positive effect 
was particularty common for combinations including an az<^ e 
compound plus caspofungin. Differences in combined activity
01 distinct oAinocandins may be rnqdamed by different molec­
ular interacticms and limitations cd the aoAtysis try the FICi 
method. FurAer experiments are warranted in order to assess 
these interactions.
Data on the clmical efficacy of combmation ttre r^  in cases 
of Scedosporium infectum are too scarce. ConAinatioos of 
voricmrazide plus teAinafine wiA or without aggressive surgi­
cal debridement have resulted in Ae cure or control of deep 
infoctions due to S. prolificans (12). A addition, a case of S. 
prolificans osteomyelitis was treked niccessfully wiA systemic 
administrkion of voriconazrde and caspofimgin (25).
There is msntficimit evidence to make sscf recommendations 
for combination therapy, trut az(de agents plus echinocandins 
against S. apio^em m m  and terbinafine fAis voriconazke 
against S. proUficata could have clinical efficacy.
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4. Discusiôn
La epidemiologia de las infecciones fùngicas esta cambiando pues cada vez son mas las 
especies que causan infecciones en humanos. Estas infecciones son mas dificiles de 
diagnosticar y tratar ya que estos hongos emergentes son, en general, mas résistantes a 
los antifûngicos disponibles por lo que estân asociadas a una elevada mortalidad^^®. La 
correcta identificacion de los hongos a nivel de especie y el estudio de su perfil de 
sensibilidad a los antifûngicos ayudan a la elecciôn del tratamiento mas adecuado, ademas 
de mejorar los datos epidemiolôgicos disponibles.
La identificacion de los hongos filamentosos a nivel de especie mediante técnicas clàsicas 
es una tarea lenta y dificil. Se basa principalmente en la observaciôn de las caracterfsticas 
macro y microscôpicas, y requiere de personal muy especializado. Aunque la observaciôn 
morfolôgica de los hongos es insustituible, las técnicas moleculares ofrecen la ventaja de 
suplir al observador poco experimentado ademas de identificar especies indistinguibles 
morfolôgicamente entre si o que no esporulan en cultive, por lo que su empleo es cada vez 
mas frecuente. Recientemente, un grupo de expertes ha acordado que la secuenciaciôn de 
la region ITS del DNA ribosômico es la diana màs apropiada para la identificacion de 
hongos patôgenos humanos^’^ ^^ . Sin embargo, estas regiones ITSs no son suficientemente 
variables para distinguir entre especies prôximas, como A. lentulus y A. fumigatus^ o las 
especies del complejo F. solans. En estos cases, es necesaria la utilizaciôn de otras 
dianas. El factor de elongaciôn 1 a (EF-1a), la (3 tubulina o la calmodulina son algunos de 
los marcadores que se han utilizado, alternativamente a los ITSs, para la identificacion de 
estas especies.
El estudio del perfil de sensibilidad es también un factor importante a la hora de tratar las 
infecciones fùngicas. Se ha demostrado que las CMIs elevadas estan asociadas con una 
respuesta clinica pobre®°'^°  ^ Por ejemplo, A. terreus tiene CMIs mas altas a anfotericina B 
que A. fumigatus hecho que ha sido asociado con una peor respuesta clinica a este 
farmaco en aquellos pacientes infectados con A. terreus^^'^^\ El perfil de sensibilidad varia 
incluse en especies muy relacionadas, asi A. lentulus es mas resistente los azoles que A. 
fumigatus^.
Por tanto la identificacion de la especie causante de la infecciôn y la determinaciôn de su 
perfil de sensibilidad es imprescindible para la elecciôn del tratamiento mas correcte, 
sobretodo en infecciones invasoras donde el retraso del tratamiento o la utilizaciôn de un 
antifûngico poco active tiene una relaciôn directa con la supervivencia del paciente^®.
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Durante el desarrollo de esta tesis se ha creado una base de datos de secuencias de ADN 
que actualmente contiene 5.700 entradas con el software InfoQuest (Biorad, Espaha). Las 
secuencias de esta base de datos provienen tanto de cepas clinicas de la coleccion del 
Servicio de Micologla, como de cepas tipo adquiridas en distintos centres de referenda 
(CBS, ATCC, CECT), ademas de secuencias de la base de datos del GenBank. En los 
casos en los que ha sido posible, las cepas han sido también identificadas mediante 
métodos morfologicos y se ha determinado su perfil de sensibilidad creàndose otra base de 
datos con el paquete estadistico SPSS (Statistical Package for the Social Sciences). Los 
patôgenos màs frecuentes estân representados con al menos 10 aislados por especie pero 
en la mayorla de los casos son muchos màs. Todos las cepas tienen secuenciada la regiôn 
ITS. Ademàs, para génères como Aspergillus, Fusarium y Scedosporium otros fragmentes 
como la (3 tubulina, el rod let o el factor de elongaciôn alfa también estàn disponibles.
Esta tesis ha estado principalmente enfocada en la identificaciôn y el perfil de sensibilidad 
de los grupos de hongos filamentosos màs frecuentemente aislados en infecciones 
humanas como son los générés Aspergillus, Fusarium y Scedosporium y el orden 
mucorales. A continuaciôn se discuten los resultados obtenidos en cada une de los grupos.
4.1. Aspergillus
El género Aspergillus esta dividido en siete subgéneros que a su vez se dividen en varias 
secciones. La regiôn ITS es de utilidad para situar un aislado dentro de la secciôn a la que 
pertenece^. Sin embargo, no es lo suficientemente variable para la identificaciôn de 
especies dentro algunas secciones, por lo que para ello se utilizan otras dianas como los 
genes que codifican para la p tubulina, el rodlet A o la calmodulina. El género Aspergillus 
es responsable de la inmensa mayorla de las infecciones fùngicas invasoras. Por esta 
razôn es uno de los objetivos primarios de esta tesis. Dentro de este género se han 
analizado la secciôn Fumigati, la secciôn Nigri y la secciôn Usti.
4.1.1. Secciôn Fumigati
Las 28 cepas clinicas de Aspergillus previamente identificados como A. fumigatus atfpicos, 
se clasificaron dentro de la secciôn Fumigati gracias a la secuenciaciôn de la regiôn ITS y 
sus caracteristicas morfolôgicas. Mediante la secuenciaciôn de una parte de los genes que 
codifican para la p tubulina y el rodlet A pudieron ser identificadas a nivel de especie. 
Catorce fueron identificados como A. lentulus, cinco como Neosartorya hiratsukae, cuatro 
como Neosartorya pseudofischeri, dos como Aspergillus viridinutans, dos como Aspergillus 
fumigatiaffinis y una como Aspergillus fumisynnematus. Por primera vez se describe a A. 
fumisynnematus y A. fumigatiaffinis como potencialmente patôgenos en humanos.
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A. fumigatus es generalmente sensible a los azoles y a la anfotericina B, aunque varies 
articules descri ben cepas de A. fumigatus resistentes a los azoles®®®^  Sin embargo, las 
especies de la secciôn Fumigati presentan diferentes patrones de sensibilidad a los 
antifûngicos. Todos los azoles, excepte el posaconazol, tenian CMIs elevadas frente a A. 
lentulus, A. fumigatiaffinis, A. viridinutans y Neosartorya pseudofischeri. La mayoria de las 
cepas de A. ientulus y A. fumigatiaffinis fueron también resistentes a la anfotericina B, 
mientras que Neosartorya hiratsukae y Aspergillus fumisynnematus fueron sensibles a 
todos los antifûngicos ensayados. La terbinafina mostrô buena actividad frente a todas las 
especies del complejo Fumigati. Los escasos estudios previos realizados describen 
resultados similares^ '^^ ®'^ "^ ®. Por el momento solo hay un estudio epidemiolôgico® realizado 
que informa de la prevalencia de estas especies en pacientes trasplantados de 
progenitores hematopoyéticos o de ôrgano sôlido. En dicho estudio, se analizaron 218 
cepas de Aspergillus. Mediante secuenciaciôn de la regiôn ITS se clasificaron 147 (67,4%) 
dentro de la secciôn Fumigati y la secuenciaciôn de la p tubulina identified a 139 (93,9 %) 
como A. fumigatus, y sôlo un 6% como pertenecientes a otras especies de la secciôn, asi 
cuatro fueron A. lentulus (2,7%), très N. udagawae (2%) y uno N. pseudofischeri (0,7%).
Los resultados obtenidos indican que son necesarios màs estudios epidemiolôgicos que 
pueden ayudar a descubrir cual es el papel que estas nuevas especies juegan en la 
infecciôn fûngica invasora y si muchos de los fallos terapéuticos que se producen son 
debidos a infecciones causadas por especies resistentes como A. lentulus. Asimismo, es 
imprescindible la utilizaciôn de la identificaciôn molecular (mediante secuenciaciôn de 
fragmentes que codifican para la p tubulina, el rodlet A o la calmodulina) de aquellos 
Aspergillus aislados en casos probados y probables de infecciôn fûngica invasora ya que 
dependiendo de la especie causante el tratamiento puede ser muy diferente.
4.1.2. Secciôn Af/gr/
La clasificaciôn de un aislado de Aspergillus como perteneciente a la secciôn Nigri es fàcil 
de realizar mediante métodos morfolôgicos. Sin embargo, mediante este trabajo^ se quiso 
conocer cual era el perfil de sensibilidad de las especies de esta secciôn. Para ello 34 
cepas de Aspergillus previamente identificados como A. niger por métodos morfolôgicos, 
se analizaron mediante la secuenciaciôn de los ITS y una parte del gen que codifica para la 
P tubulina. Dieciocho fueron identificadas como A. tubingensis, 13 como A. niger y très 
como A. foetidus.
En un trabajo previo en el que las cepas de A. niger no fueron identificadas 
molecularmente, se alcanzo la conclusiôn de que este hongo era sensible in vitro a 
voriconazol, posaconazol, anfotericina B y equinocandinas pero resistente a
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itraconazol^ '^^^. En este trabajo se demuestra que las cepas resistentes al itraconazol son
A. tubingensis y A. foetidus, ya que la mayorla de los aislados de A. n/ger fueron sensibles 
a todos los antifûngicos. Esto pone de manifiesto la importancia de una correcta 
identificaciôn a nivel de especie dentro de esta secciôn. En un estudio realizado en el 
Reino Unido®° en el que se analizaron 43 aislados clinicos identificados mediante 
secuenciaciôn de fragmentes de los genes que codifican para la calmodulina y la p 
tubulina, se encontraron patrones de sensibilidad comparables a los de este estudio, sin 
embargo la especie màs frecuentemente aislada en este pals fue A. awamori (58%) 
mientras que en las cepas analizadas de Espaha no se encontrô ningûn aislado de esta 
especie, siendo la màs frecuente A. tubingensis (53%) lo que implica diferencias 
epidemiolôgicas geogràficas. Esto unido a las diferencias de sensibilidad pone de 
manifiesto la importancia de la identificaciôn a nivel de especie mediante la secuenciaciôn 
de otras dianas distintas a la regiôn ITS para poder manejar las infecciones causadas por 
estos hongos de la manera màs correcta posible.
4.1.3. Secciôn Usti
Debido a la aplicaciôn de las técnicas moleculares, la taxonomia de la secciôn Usti ha 
cambiado recientemente. A. caiidoustus ha sido descrita como la especie màs 
comûnmente aislada en muestras clinicas. En el estudio realizado, se analizaron 9 cepas 
previamente identificadas como A. ustus segûn sus caractères morfolôgicos, de las cuales 
8 fueron identificadas como A. caiidoustus y una como A. pseudodeflectus. En un articulo 
publicado previamente^®®, tampoco se encontrô ningûn aislado clinico de A. ustus, por lo 
que probablemente las descripciones de casos clinicos humanos por A. ustus, 
corresponden a infecciones causadas por A. caiidoustus. Asimismo, se identified también 
una cepa de A. pseudodeflectus, especie que hasta ahora no habia sido asociada con 
humanos.
El tratamiento de elecciôn para estas infecciones no està establecido. Sin embargo, los 
datos obtenidos en este trabajo pueden ayudar a la elecciôn del mismo ya que anfotericina
B, terbinafina, micafungina y anidulafungina fueron los antifûngicos que tuvieron mejor 
actividad frente a las especies del grupo. Aunque el nûmero de aislados analizado no 
permite alcanzar conclusiones, la informaciôn suministrada ayuda a la elecciôn del 
antifûngico con la mejor actividad in vitro.
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4.2. Fusarium
Las infecciones causadas por Fusarium han aumentado mucho en los ùltimos anos®® 
llegando a convertirse en une de los grupos mas importantes de hongos filamentosos en el 
àmbito clinico. En pacientes inmunocompetentes causan infecciones localizadas 
generalmente a causa de un trauma previo. Estas infecciones se resueiven normalmente 
con tratamiento antifùngico y cirugia. Sin embargo, en individuos inmunodeprimidos 
causan infecciones diseminadas con tasas de mortalidad de! 50% al 90%, llegando 
prâcticamente al 100 % cuando hay diseminaciôn hematôgena®®. Esta alta tasa de 
mortalidad se debe en parte a que las especies de Fusarium son generalmente resistentes 
a todos los antifüngicos disponibles® "'® ®®. F. solani y F. oxysporum son las especies mas 
comùnmente aisladas en muestras clfnicas, sin embargo F. verticilloides, Fusarium 
chlamydosporum, Fusarium dimerum, Fusarium napiforme, Fusarium nygamai, F. 
proliferatum y Fusarium sacchari también han sido descritos como causantes de 
infecciones humanas®^ ®^ ®®. En este género, debido a su relativa homogeneidad y a la 
existencia de paràlogos la secuenciaciôn de la region ITS no permite la identificaciôn al 
nivel de especie®  ^®^. Los anâlisis filogenéticos empleando otros genes como el factor de 
elongaciôn alfa, la p tubulina, la calmodulina o la RNA polimerasa II, han revelado la 
existencia de numerosas especies cripticas dentro de cada morfoespecie, denominandose 
a estes grupos de especies “complejos”. F. solani représenta un complejo formado por mas 
de 45 especies de las cuales al menos 20 han sido asociadas con infecciones 
humanas®^ '®®'^ ^®. De la misma forma, existen el complejo de especies de F. oxysporum, F. 
incarnatum-equiseti, F. dimerum y F. chlamydosporum. La secuenciaciôn del factor de 
elongaciôn alfa es actualmente la diana més comùnmente empleada en la identificaciôn 
molecular del género Fusarium ya que ha demostrado buenos resultados en numerosos 
estudios®®'®^ '®^ . Mediante la secuenciaciôn de este gen se pudieron identificar 67 aislados 
de Fusarium procedentes de muestras clfnicas, 22 F. solani, 14 F. oxysporum, 14 F. 
proliferatum, 13 F. verticillioides, très F. equiseti y un F. reticulatum.
La terbinafina y los azoles mostraron poca o nula actividad trente a las especies de 
Fusarium analizadas, siendo la anfotericina B el antifùngico mas activo. Voriconazol y 
posaconazol fueron activos trente a algunos aislados. Se han usado diverses antifùngicos 
para el tratamiento de estas infecciones dando lugar a resultados dispares, por tanto se 
desconoce cual es el tratamiento de elecciôn. Un estudio realizado por Kontoyiannis et. 
al.®® indica que la recuperaciôn de la neutropenia es el factor mâs importante para que los 
pacientes con infecciones por Fusarium sobrevivan. Por tanto, parece razonable emplear el 
antifùngico con mayor actividad in vitro que aunque no sea capaz de erradicar el hongo, 
permita el control de la infecciôn hasta que una vez recuperada la inmunidad, el huésped
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sea capaz de eliminarlo. Dado que el perfil de sensibilidad varia incluso dentro de una 
misma especie, es importante realizar un estudio de sensibilidad a cada cepa involucrada 
en un posible case de fusariosis. La identificaciôn morfolôgica y molecular de las especies 
del género Fusarium, es una tarea dificil que hoy por hoy esta restringida a laboratories 
con mucha experiencia. Una alternativa para el resto de los laboratories seria la 
identificaciôn a nivel de género mediante técnicas morfolôgicas o secuenciaciôn de los ITS. 
Cualquier aislado sospechoso de ser el causante de una infecciôn diseminada debe ser 
identificado a nivel de especie y su perfil de sensibilidad determinado para aportar todas 
las posibles alternativas al tratamiento del paciente.
4.3. Mucorales
El numéro de infecciones causadas por hongos mucorales ha aumentado en los ùltimos 
anos y su tasa de mortalidad se acerca al 100% en algunos grupos de pacientes^
La identificaciôn mediante las técnicas clasicas es complicada. Por ejemplo, Mucor y 
Rhizomucor tienen pocas diferencias morfolôgicas entre si por lo que se confunden 
fàcilmente; Tanto es asi, que la aplicaciôn de métodos moleculares ha descubierto que 
Rhizomucor variabilis pertenece en realidad al género Mucor Aôemàs, aunque Lichtheimia 
y Rhizopus son faciles de identificar a nivel de género, su caracterizaciôn al nivel de 
especie es dificil. Para complicar mas la situaciôn, algunas especies como 
Apophysomyces y Saksenaea no suelen esporular en cultivo lo que hace su identificaciôn 
mediante técnicas morfolôgicas imposible. Kontoyiannis et al.®® compararon la 
identificaciôn obtenida mediante secuenciaciôn con la morfolôgica y observaron mas de un 
20% de discordancia. Por tanto, la secuenciaciôn de las dianas apropiadas debe ser 
considerada la técnica de referenda para la identificaciôn de este grupo de hongos.
Las 77 cepas clinicas de mucorales analizadas fueron correctamente identificadas 
mediante la secuenciaciôn de la regiôn ITS, lo que demuestra que esta diana es apropiada 
para su identificaciôn. Como ya se ha descrito previamente^®® el género Rhizomucor 
résulté ser polifilético, agrupândose Rhizomucor variabilis con las especies del género 
Mucor.
Con respecto a la actividad de los antifùngicos frente a los mucorales, hay que destacar 
que todas las especies del grupo fueron resistentes a voriconazol. El uso extensivo de este 
azol ha sido relacionado con el aumento en el nùmero de infecciones causadas por 
mucorales. Este aumento ha sido particularmente évidente desde la implantaciôn del 
voriconazol como tratamiento de elecciôn de la aspergilosis invasora®®®®^ ®^ ^®. Sin 
embargo, el incremento también puede deberse a un mayor nùmero de pacientes con 
factores de riesgo asi como al progreso de las herramientas de diagnôstico. Como otros
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autores ya habian senalado, la anfotericina B es el antifùngico con mayor actividad frente a 
todas las especies del grupo excepto Cunninghamella y La
terbinafina es activa frente a un buen nùmero de especies excepto R. oryzae, M. 
circinelloides y R. variabilis. Por otro lado, R. pusillus y L  corymbifera son sensibles in vitro 
a itraconazol, hecho que se ha demostrado en modelos expérimentales realizados con L. 
corymbifera, por lo que puede representar una alternativa de tratamiento en las infecciones 
causadas estas especies. El primer azol con actividad frente a la mayoria de las especies 
es posaconazol, con la ùnica excepciôn de C. bertholletiae. La combinaciôn de 
posaconazol y anfotericina B ha mostrado buenos resultados en pacientes en los que la 
anfotericina B en monoterapia habfa fallado®®'^ ®^ .
En resumen, los mucorales son un grupo heterogéneo de hongos con un perfil de 
sensibilidad a los antifùngicos muy variable que pueden ser fàcilmente identificados 
mediante secuenciaciôn de la regiôn ITS. El tratamiento de elecciôn actualmente es la 
anfotericina B, sin embargo el bajo porcentaje de curaciones y los problemas de toxicidad 
frecuentes, subrayan la necesidad de otras alternatives, como por ejemplo el posaconazol 
0  las terapias combinadas.
4.3.1. Lichtheimia
El género Absidia es el tercer género en importancia clînica dentro de los mucorales'^® 
siendo responsable del 5% de los casos de mucormicosis. La identificaciôn morfolôgica de 
los aislados consideraba que una sola especie, Absidia corymbifera, ténia importancia 
clinica. La utilizaciôn de métodos moleculares, ademàs de fisiolôgicos y morfolôgicos, 
propuso la creaciôn de un nuevo género, Mycocladus, en el que incluyeron a las especies 
termotolerantes de Absidia entre las que se encuentra A. corymbifera que pasô a llamarse 
Mycocladus corymbifer^^. Posteriormente, se descubriô que la cepa tipo de Mycocladus 
{Mycocladus verticillatus) era posiblemente un cultivo mixto, por lo que el nombre del 
género no era vâlido y se cambiô por el de Lichtheimia^^, descrito en 1903 por Vuillemin^^® 
ya que las caracterlsticas en la descripciôn original si son compatibles con este nuevo 
grupo de Absidia.
Analizando las cepas de Lichtheimia corymbifera recibidas en el Servicio de Micologia del 
Centro Nacional de Microbiologie, se observaron dos grupos cuyas secuencias de ITS 
diferian mâs de un 2%, pero que morfolôgicamente eran prâcticamente indistinguibles. Por 
tanto se hizo un estudio en el que se analizaron 54 cepas de Lichtheimia que procedian 
tanto de muestras ambientales como de muestras clinicas. Ademâs, se incluyeron todas 
las cepas tipo disponibles en el CBS Fungal biodiversity Centre. Mediante el anâlisis de 
caractères morfolôgicos, fisiolôgicos (crecimiento a 7 temperaturas) y criterios moleculares
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(secuenciaciôn de las regiones ITS, D1-D2 y parte del gen que codifica para la actina), se 
encontraron cinco especies: L  corymbifera (syn. Absidia corymbifera, Mycocladus 
corymbifer), Lichtheimia ramosa (Syn. Absidia ramosa, Mycocladus ramosus), Lichtheimia 
ornata corn, nov., Lichtheimia hyalospora (syn. A.hyalospora, M. hyalosporus) y una nueva 
especie Lichtheimia sphaerocystis sp. nov. Los aislados clfnicos pertenecîan a las très 
primeras especies. Por el contrario, el anâlisis de las secuencias de las respectivas dianas 
distinguiô siete especies filogenéticas^®"'. Los test de apareamiento solo confirmaron cinco 
de ellas, por lo que las 2 restantes, al no cumplir el concepto biolôgico de especie, no 
fueron reconocidas como taies. El anâlisis de los caractères morfolôgicos y fisiolôgicos 
permitiô la realizaciôn de una clave dicotômica de identificaciôn de estas cinco especies.
En anâlisis del perfil de sensibilidad de las especies con relevancia clinica revelô que L  
ramosa tiene CMIs ligeramente superiores a L. corymbifera. Al igual que en el resto de las 
especies de mucorales, la anfotericina B fue el fârmaco mâs activo, el posaconazol fue el 
azol con mejor actividad y el voriconazol fue inactive frente a todos los aislados. A 
diferencia de los otros géneros de mucorales, el itraconazol tiene actividad frente a la 
mayoria de los aislados (Media geométrica (MG) de las CMIs = 0,80 mg/L) aunque fue 
donde se observaron mayores diferencias entre las dos especies mâs com unes en 
muestras clinicas, L. corymbifera con MG CMIs de 0,56 mg/L y L. ramosa MG CMIs = 1 
mg/L. Las equinocandinas fueron inactivas. Sôlo se identifico un aislado como L. ornata por 
lo que, a pesar de que mantiene el patrôn de resistencia al voriconazol y de sensibilidad a 
la anfotericina B y el posaconazol, no se pueden sacar conclusiones definitivas y es 
necesario el anâlisis de un mayor numéro de aislados que clarifiquen la relevancia clinica 
de esta especie, asi como su perfil de sensibilidad.
En resumen, la aplicaciôn del concepto filogenético y biolôgico de especie^®"' permitiô la 
distinciôn de cinco especies dentro del género Lichtheimia: L. corymbifera, L. ramosa, L  
ornata com. nov., L  hyalospora y L. sphaerocystis sp. nov, pero es necesario el anâlisis de 
un mayor nùmero de cepas para poder sacar alguna conclusiôn respecto a su patrôn de 
sensibilidad y su epidemiologla. El anâlisis filogenético de très loci (ITS, D1-D2 y actina) 
aciaro de forma inequlvoca la clasificaciôn taxonômica del grupo. Sin embargo, la 
secuenciaciôn de la regiôn ITS es suficiente para obtener una correcta identificaciôn a nivel 
de especie.
4.4. Scedosporium
El género Scedosporium consta de dos especies con importancia clinica: S. apiospermum 
(y su forma sexual Pseudallescheria boydii) y S. prolificans. Estos hongos causan 
infecciones localizadas debidas a traumatismes accidentales asi como infecciones
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diseminadas en individuos inmunodeprimidos. La mortalidad asociada a la infecciôn 
invasora es cercana al 1 0 0  0/^13,21,50 g| tratamiento es especialmente dificil debido a su 
naturaleza multiresistente. La aplicaciôn de las técnicas moleculares para la identificaciôn 
de este género ha demostrado que S. apiospermum/P. boydii es, en realidad, un complejo 
de especies^^^®. La existencia de las nuevas especies de Scedosporium fue evaluada en 
una colecciôn de 46 aislados clinicos, previamente identificados morfolôgicamente como S. 
apiospermum morfolôgicamente. Mediante la secuenciaciôn de la regiôn ITS, cuatro cepas 
fueron identificadas como S. aurantiacum no encontrândose ningùn aislado de P. 
minutispora. El estudio de sensibilidad a los antifùngicos de S. aurantiacum revelô pocas 
diferencias con S. apiospermum ya que los aislados tenfan CMIs elevadas a anfotericina B 
e itraconazol mientras que voriconazol fue el antifùngico mâs activo. S. prolificans es aùn 
mâs resistente a los antifùngicos, con CMIs elevadas frente a todos los antifùngicos 
ensayados. El tratamiento de elecciôn para estas infecciones consiste en una combinaciôn 
de tratamiento antifùngico y cirugia, pero el mejor antifùngico, la dosis mâs correcta y la 
duraciôn del tratamiento se desconocen. El uso de terapias combinadas ha dado buenos 
resultados in vitro, asi la combinaciôn de anfotericina B y azoles es mâs activa que la 
monoterapia en algunos aislados de S. apiospermum^^. Al ensayar 35 combinaciones de 
antifùngicos frente a cepas de Scedosporium la combinaciôn de azoles y equinocandinas 
fue sinérgica frente a S. apiospermum. Sin embargo, ùnicamente la combinaciôn de 
terbinafina y azoles fue sinérgica frente algunos aislados (25%) de S. prolificans.
Posteriormente a la publicaciôn del articule en el que se analiza la existencia de las nuevas 
especies en una colecciôn de aislados clfnicos de Scedosporium, se redefiniô el género 
mediante la secuenciaciôn de la p tubulina. Se descubriô que P. boydii no es la forma 
sexual de S. apiospermum sino otra especie diferente cuya forma asexual se denominô 
Scedosporium boydii. Ademâs se describiô una nueva especie que se ha denominado 
Scedosporium dehoogii. Nuestra colecciôn de aislados clfnicos se volviô a analizar 
mediante la secuenciaciôn de la p tubulina (resultados sin publicar) y se encontrô que de 
las cepas previamente identificadas como S. apiospermum/ P. boydii, 25 eran S. 
apiospermum, 13 P. boydii (S. boydii), très Pseudallescheria ellipsoidea y una S. dehoogii. 
El perfil de sensibilidad de estas especies no tiene diferencias significativas con el de S. 
apiospermum, pero debido al nùmero limitado de aislados no se puede alcanzar ninguna 
conclusiôn.
Ya se ha mencionado que el tratamiento de elecciôn para las infecciones causadas por 
Scedosporium se desconoce pero es importante resaltar que se tratan de hongos 
multiresistentes, sobretodo S. prolificans. Por el momento la mejor opciôn consiste en la 
combinaciôn de cirugfa y antifùngicos. La prevalencia de las nuevas especies de
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Scedosporium es baja y su perfil de sensibilidad no tiene diferencias significativas con el de
S. apiospermum. Por tanto, la realizaciôn de estudios epidemiolôgicos y de factores de 
riesgo que identifiquen la importancia clinica de estas nuevas especies, y el anâlisis del 
perfil de sensibilidad de un mayor numéro de cepas puede ayudar a establecer 
recomendaciones que mejoren el tratamiento de las infecciones causadas por este grupo 
de patôgenos.
4.5. Resumen de los principales hailazgos
La identificaciôn mediante comparaciôn de secuencias es un método râpido, econômico y 
da resultados robustos objetivos y comparables entre laboratories de cualquier 
localizaciôn. La secuenciaciôn de la regiôn ITS ha sido establecida como la técnica de 
referencia para la identificaciôn de hongos patôgenos humanos, sin menoscabo de la 
utilizaciôn de otras dianas cuando se requiera una identificaciôn mâs exacta de algunos 
grupos de patôgenos^^®^. En este trabajo se ha comprobado que la secuenciaciôn de la 
regiôn ITS es una herramienta eficaz para la identificaciôn de la mayoria de las especies 
de mucorales y para situar un aislado de Aspergillus, Fusarium y Scedosporium dentro del 
complejo al que pertenece, pero sobretodo para abordar la identificaciôn de un hongo, a 
priori, desconocido. Para llegar a nivel de especie en los géneros Aspergillus, Fusarium y 
Scedosporium, la secuenciaciôn de genes codificantes aporta la variabilidad necesaria 
para separar entre especies muy prôximas que son indistinguibles mediante la 
secuenciaciôn de los ITS. Asi la p tubulina es util para la identificaciôn de las especies de 
Aspergillus y Scedosporium, y el factor de elongaciôn alfa para las especies de Fusarium.
Por otro lado la aplicaciôn de los métodos moleculares estâ identificando cuales son, en 
realidad, las especies de hongos que causan patologia en el humano.
Es relevante analizar la importancia prâctica que estas nuevas tecnologias tienen para el 
laboratorio clinico. Asi, el anâlisis de la muestra donde se aisla el hongo o la enfermedad 
subyacente del paciente, puede indicar la relevancia clinica de la misma. Es évidente que 
cuando se trata de muestras provenientes de lugares estériles (hemocultivos, liquide 
cefalorraquideo, biopsias, etc.) o pacientes con alto riesgo de padecer una infecciôn 
fùngica (transplantados, pacientes oncohematolôgicos, SIDA, etc.) la identificaciôn a nivel 
de especie y el estudio del perfil de sensibilidad se convierten en herramientas 
imprescindibles para elegir el tratamiento mâs correcto y monitorizar la evoluciôn de la 
infecciôn, ademâs de su intrinseco valor epidemiolôgico.
La identificaciôn morfolôgica no puede ser sustituida por la identificaciôn molecular ya que 
constituye una herramienta bâsica para confirmar la identificaciôn obtenida por
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comparaciôn de secuencias, asi como para descartar posibles contaminaciones en el 
proceso de identificaciôn molecular.
Las bases de dates que normalmente se utilizan para identificar los hongos patôgenos 
humanos contienen un numéro excesivo de errores como para utilizarlas de forma rutinaria 
por lo que los resultados obtenidos deben analizarse con cautela. La creaciôn de bases de 
dates con aislados perfectamente caracterizados, es un paso imprescindible que ya se 
estâ llevando a cabo.
El incremento de las infecciones fûngicas, la apariciôn de nuevos patôgenos y el aumento 
en la disponibilidad del nùmero de antifùngicos para tratar dichas infecciones hace que el 
estudio del perfil de sensibilidad sea una herramienta indispensable para un correcto 
manejo de la infecciôn. Las especies implicadas en infecciones humanas tienen patrones 
de sensibilidad muy diferentes, siendo las especies emergentes las que presentan mayor 
porcentaje de cepas resistentes.
4.6. Aplicaciôn de los resultados y transferencia de tecnologia
Con la realizaciôn de esta tesis se ha desarrollado una base de dates de secuencias y de 
sensibilidad a los antifùngicos de los principales hongos patôgenos humanos. La base de 
dates de secuencias contiens tanto cepas de referencia (cepas tipo) como cepas clfnicas y 
ha sido apoyada con la identificaciôn morfolôgica de todos los aislados. Esta base de dates 
représenta por tanto una herramienta robusta y confiable y ya ha tenido una aplicaciôn 
inmediata en diverses campes:
1. Actualmente se estâ utilizando para la identificaciôn molecular de los hongos que 
llegan al Servicio de Micologia del Centro Nacional de Microbiologfa procedentes 
del Sistema Nacional de Salud.
2. Esta base de dates ha servido para disenar sondas especfficas para los principales 
patôgenos humanos que se han utilizado para desarrollar técnicas râpidas de 
identificaciôn y diagnôstico de la infecciôn fùngica basadas en la técnica de la POR 
en tiempo real.
3. Asimismo, la base de dates de secuencias ha servido para desarrollar sondas 
especfficas que han sido la base del incipiente desarrollo de un microarray para la 
identificaciôn de los principales hongos patôgenos humanos mediante la tecnologia 
SSELO (sequence-specific end-labelling of the oligonucleotides) que se caracteriza 
por una alta especificidad (discriminaciôn de 1 pb) y una alta sensibilidad de 
detecciôn.
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4. En colaboraciôn con el CDC (Centers for Disease Control and Prevention) y el CBS 
(Fungal biodiversity Centre) se va a desarrollar una plataforma Web de 
identificaciôn que apode ademâs datos de sensibilidad a los antifùngicos de las 
especies clinicas de mucorales.
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5. Conclusiones
1. La secuenciaciôn de la regiôn ITS es la herramienta mâs adecuada para realizar la 
identificaciôn de un hongo desconocido aislado de una infecciôn humana. Permite 
también la identificaciôn a nivel de especie de los hongos del orden mucorales y la 
clasificaciôn dentro de secciôn o complejo en los géneros Aspergillus, Fusarium y 
Scedosporium.
2. El estudio del perfil de sensibilidad a los antifùngicos es una herramienta imprescindible 
para dar el mejor tratamiento a una infecciôn fùngica. La emergencia de especies 
resistentes subraya este hecho.
3. La secciôn Fumigati del género Aspergillus présenta patrones de sensibilidad distintos 
que son dependientes de especie. La identificaciôn a nivel de especie mediante la 
secuenciaciôn del gen que codifica para la (3 tubulina permite la clasificaciôn de estos 
aislados dentro de uno de los patrones de resistencia existantes.
4. La identificaciôn a nivel de especie de la secciôn Nigri del género Aspergillus se 
consigue mediante la secuenciaciôn del gen que codifica para la p tubulina. Los 
diferentes patrones de resistencia de esta secciôn son dependientes de cepa, por lo 
que la realizaciôn de test de sensibilidad es la herramienta mâs adecuada para el 
manejo de estas infecciones.
5. Las especies de Aspergillus pertenecientes a la secciôn Usti se identifican a nivel de 
especie mediante la secuenciaciôn del gen que codifica para la p tubulina. Aunque, el 
escaso nùmero de cepas analizadas no permite sacar conclusiones claras respecto a 
la importancia de la determinaciôn del perfil de sensibilidad, los datos obtenidos 
apuntan a que no hay grandes diferencias dentro de la secciôn, por lo que séria 
suficiente con la identificaciôn a nivel de secciôn mediante la secuenciaciôn de la 
regiôn ITS.
6. Las distintas especies del género Fusarium y del grupo mucorales presentan 
diferencias de sensibilidad intraespecificas. Por tanto es necesario la determinaciôn del 
perfil de sensibilidad en todas aquellas cepas aisladas en infecciones probadas y 
probables para un correcto manejo de la infecciôn.
7. Las especies del género Scedosporium son multiresistentes. El anâlisis del perfil de 
sensibilidad de las nuevas especies no reflejô diferencias significativas, aunque 
Scedosporium aurantiacum es ligeramente mâs resistente a los antifùngicos que S.
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apiospermum. Sin embargo, es necesario el anâlisis de mâs aislados de las nuevas 
especies para poder dar recomendaciones en este sentido.
8. La combinaciôn del concepto biolôgico y filogenético de especie permitiô la 
clasificaciôn taxonômica del género Lichtheimia quedando compuesto por cinco 
especies, L  corymbifera, L. ramosa, L  hyalospora, L  ornata y una nueva especie 
Lichtheimia sphaerocystis.
9. La base de datos desarrollada como consecuencia de este trabajo, représenta una 
herramienta robusta y confiable que se estâ utilizando actualmente en el Servicio de 
Micologia para la identificaciôn mediante comparaciôn de secuencias y para el 
desarrollo de diverses herramientas de identificaciôn (PCR tiempo real, microarrays y 
plataforma Web de identificaciôn y sensibilidad de mucorales).
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Conclusions
1. The sequencing of the ITS region is the most suitable tool to achieve the correct 
identification of an unknown fungal strain. The ITS region allows the correct 
identification to species level in mucorales species and the classification into section or 
species complex in Aspergillus, Fusarium and Scedosporium.
2. The susceptibility profile is an essential tool for the correct management of fungal 
infections. This fact is highlighted by the increase of multiresistant species.
3. The species of Aspergillus section Fumigati have different susceptibility profiles. The 
identification to species level by means of p tubulin sequencing allows the classification 
of these isolates into one of the susceptibility profiles present.
4. The identification to species level of Aspergillus section Nigri can be done by means of 
sequencing part of the p tubulin gene. Different susceptibility profiles present in this 
section are isolate-dependant, therefore the susceptibility profile must be determined in 
order to provide the best treatment.
5. The species of Aspergillus section Usti are identified to species level by means of p 
tubulin sequencing. Although the small number of isolates analyzed does not allow to 
draw any clear conclusion in their susceptibility profile, the results showed that no big 
differences are present; therefore the identification to species complex level by ITS 
sequencing could be enough to achieve the best treatment.
6. The susceptibility profile of Fusarium spp. and mucorales species have is isolate 
dependent. Therefore the determination of susceptibility profile in any strain implicated 
in probable and proven infections is warranted.
7. Scedosporium species are multiresistant. The analysis of the susceptibility profile of the 
recently described new species yields no significant differences. However, 
Scedosporium aurantiacum is slightly more resistant to antifungals than Scedosporium 
apiospermum. The analysis of more strains to determine the real importance of this 
observation is warranted
8. The combination of Genealogical Concordance Phylogenetic Species Recognition and 
Biological Species Recognition allow us the taxonomical classification of Lichtheimia 
species. This genus currently contains five species L. corymbifera, L. ramosa, L. ornata.
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L  hyalospora and a new specie: Lichtheimia sphaerocystis A. Alastruey-lzquierdo and 
G. Walther, sp. nov. Only the first three are clinically relevant.
9. The database developed with this work represents a trustable and robust tool for the 
identification of fungal human pathogens. This database is being used in the Mycology 
Reference Laboratory of Spain for the identification of clinical strains to species level by 
means of sequencing comparison and for the development of identification tools: (i) real 
time PCR, (ii) microarray technology and (iii) web tool for identification of mucorales.
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Anexo I.- Secuencias introducidas en la base de dates GenBank
CBS121601 Aspergillus calidoustus FJ624456
CNM-CM2105 Aspergillus calidoustus FJ624457
CNM-CM2272 Aspergillus calidoustus FJ624458
CNM-CM2475 Aspergillus calidoustus FJ624460
CNM-CM3788 Aspergillus calidoustus FJ624461
CNM-CM3927 Aspergillus calidoustus FJ624462
CNM-CM4115 Aspergillus calidoustus FJ624465
CNM-CM4212 Aspergillus calidoustus FJ624466
CNM-CM 4002 Aspergillus foetidus FJ828909
CNM-CM 4995 Aspergillus foetidus FJ828922
CNM-CM 5264 Aspergillus foetidus FJ828925
CNM-CM-2280 Aspergillus fumigatiaffinis EU310841 EU310808
CNM-CM-3227 Aspergillus fumigatiaffinis EU310844 EU310811
CNM-CM-3248 Aspergillus fumigatus EU310845 EU310812
CNM-CM-3254 Aspergillus fumigatus EU310846 EU310813
CNM-CM-3258 Aspergillus fumigatus EU310847 EU310814
CNM-CM-3652 Aspergillus fumigatus EU310855 EU310822
CNM-CM-3722 Aspergillus fumigatus EU310856 EU310823
CNM-CM 1244 Aspergillus fumigatus EU626227
CNM-CM 796 Aspergillus fumigatus EU626228
CNM-CM 2097 Aspergillus fumigatus EU626229
CNM-CM 3500 Aspergillus fumigatus EU626230
CNM-CM 1245 Aspergillus fumigatus EU626231
CNM-CM 2159 Aspergillus fumigatus EU626232
CNM-CM 2164 Aspergillus fumigatus EU626233
CNM-CM 4593 Aspergillus fumigatus EU626234
CNM-CM 2627 Aspergillus fumigatus EU626235
CNM-CM 2733 Aspergillus fumigatus EU626236
CNM-CM 3248 Aspergillus fumigatus EU626237
CNM-CM237 Aspergillus fumigatus FJ624459
CNM-CM-4063 Aspergillus fumisynnematus EU310862 EU310829
CNM-CM-1290 Aspergillus lentulus EU310839 EU310806
CNM-CM-3134 Aspergillus lentulus EU310842 EU310809
CNM-CM-3364 Aspergillus lentulus EU310850 EU310817
CNM-CM-3537 Aspergillus lentulus EU310851 EU310818
CNM-CM-3538 Aspergillus lentulus EU310852 EU310819
CNM-CM-3583 Aspergillus lentulus EU310853 EU310820
CNM-CM-3599 Aspergillus lentulus EU310854 EU310821
CNM-CM-4330 Aspergillus lentulus EU310864 EU310831
CNM-CM-4370 Aspergillus lentulus EU310865 EU310832
CNM-CM-4387 Aspergillus lentulus EU310866 EU310833
CNM-CM-4415 Aspergillus lentulus EU310867 EU310834
CNM-CM-4420 Aspergillus lentulus EU310868 EU310835
CNM-CM-4426 Aspergillus lentulus EU310869 EU310836
CNM-CM-4428 Aspergillus lentulus EU310870 EU310837
CNM-CM 3236 Aspergillus niger FJ828895
CNM-CM 3257 Aspergillus niger FJ828896
185
CNM-CM 3586 Aspergillus niger FJ828901
CNM-CM 3636 Aspergillus niger FJ828902
CNM-CM 3641 Aspergillus niger FJ828903
CNM-CM 3672 Aspergillus niger FJ828905
CNM-CM 4004 Aspergillus niger FJ828911
CNM-CM 4213 Aspergillus niger FJ828913
CNM-CM 4262 Aspergillus niger FJ828914
CNM-CM 4316 Aspergillus niger FJ828917
CNM-CM 5095 Aspergillus niger FJ82892
CNM-CM5070 Aspergillus pseudodeflectus FJ624467
CNM-CM 3123 Aspergillus tubingensis FJ828892
CNM-CM 3125 Aspergillus tubingensis FJ828893
CNM-CM 3177 Aspergillus tubingensis FJ828894
CNM-CM 3507 Aspergillus tubingensis FJ828898
CNM-CM 3585 Aspergillus tubingensis FJ828900
CNM-CM 3654 Aspergillus tubingensis FJ828904
CNM-CM 3810 Aspergillus tubingensis FJ828906
CNM-CM 4000 Aspergillus tubingensis FJ828907
CNM-CM 4001 Aspergillus tubingensis FJ828908
CNM-CM 4003 Aspergillus tubingensis FJ828910
CNM-CM 4005 Aspergillus tubingensis FJ828912
CNM-CM 4264 Aspergillus tubingensis FJ828915
CNM-CM 4296 Aspergillus tubingensis FJ828916
CNM-CM 4352 Aspergillus tubingensis FJ828918
CNM-CM 4688 Aspergillus tubingensis FJ828919
CNM-CM 4897 Aspergillus tubingensis FJ828920
CNM-CM 4899 Aspergillus tubingensis FJ828921
CNM-CM 5094 Aspergillus tubingensis FJ828923
CNM-CM4036 Aspergillus ustus FJ624463
CNM-CM4037 Aspergillus ustus FJ624464
CNM-CM-3147 Aspergillus viridinutans EU310843 EU310810
CNM-CM-4518 Aspergillus viridinutans EU310871 EU310838
CNM-CM-3303 Neosartorya hiratsukae EU310848 EU310815
CNM-CM-3305 Neosartorya hiratsukae EU310849 EU310816
CNM-CM-3740 Neosartorya hiratsukae EU310857 EU310824
CNM-CM-3764 Neosartorya hiratsukae EU310858 EU310825
CNM-CM-4328 Neosartorya hiratsukae EU310863 EU310830
CNM-CM-2270 Neosartorya pseudofischeri EU310840 EU310807
CNM-CM-3769 Neosartorya pseudofischeri EU310859 EU310826
CNM-CM-3914 Neosartorya pseudofischeri EU310860 EU310827
CNM-CM-4060 Neosartorya pseudofischeri EU310861 EU310828
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CBS 100.17 Lichtheimia corymbiferajzl GQ342820
CBS 100.17 Lichtheimia corymbifera_c4 GQ342885 GQ342942 GQ342715
CBS 100.51 Lichtheimia corymbifera_c2 GQ342886 GQ342939 GQ342826
CBS 100.51 Lichtheimia corymbifera_c6 GQ342719
CBS 100.51 Lichtheimia corymbifera_c7 GQ342824
CBS 102.48 Lichtheimia coiymbifera_cA GQ342888 GQ342910 GQ342718
CBS 102.48 Lichtheimia corymbifera_c5 GQ342821
CBS 115811 Lichtheimia corymbiferajzA GQ342887 GQ342932 GQ342720
CBS 115811 Lichtheimia corymbifera_c6 GQ342833
CBS 115811 Lichtheimia corymbifera_c8 GQ342829
CBS 100.31 Lichtheimia corymbifera _c2 GQ342879 GQ342914 GQ342722
CBS 100.31 Lichtheimia corymbifera _c3 GQ342714
CBS 100.31 Lichtheimia corymbifera _.c5 GQ342825
CBS 100.31 Lichtheimia corymbifera _c8 GQ342822
CBS 101040 Lichtheimia corymbifera _c1 GQ342882 GQ342918 GQ342723
CBS 101040 Lichtheimia corymbifera _c4 GQ342721
CBS 101040 Lichtheimia corymbifera _c7 GQ342830
CBS 101040 Lichtheimia corymbifera _c8 GQ342819
CBS 109940 Lichtheimia corymbifera _c1 GQ342881 GQ342917
CBS 109940 Lichtheimia corymbifera _c4 GQ342817
CBS 120580 Lichtheimia corymbifera _c3 GQ342884 GQ342919 GQ342713
CBS 120580 Lichtheimia corymbifera _c8 GQ342828
CBS 120581 Lichtheimia corymbifera _c3 GQ342883 GQ342948
CBS 120581 Lichtheimia corymbifera _c4 GQ342716
CBS 120581 Lichtheimia corymbifera c8 GQ342823
CBS 120805 Lichtheimia corymbifera _c3 GQ342880 GQ342915 GQ342818
CBS 120805 Lichtheimia corymbifera _c4 GQ342717
CBS 429.75 Lichtheimia corymbiferajzl GQ342878 GQ342903 GQ342712
CBS 429.75 Lichtheimia corymbiferajzd GQ342831
CBS 519.71 Lichtheimia corymbifera_c4 GQ342889 GQ342904
CBS 519.71 Lichtheimia corymbiferajzG GQ342827
CBS 519.71 Lichtheimia corymbiferajzl GQ342832
CBS 100.36 Lichtheimia hyalosporaJC^ GQ342898 GQ342943 GQ342750
CBS 100.36 Lichtheimia hyaiospora_c2> GQ342897 GQ342751
CBS 173.67 Lichtheimia hyaiosporajzl GQ342893 GQ342905 GQ342755
CBS 102.36 Lichtheimia hyalosporajzS GQ342895 GQ342907 GQ342752
CBS 102.36 Lichtheimia hyalospora_c4 GQ342753
CBS 518.71 Lichtheimia hyalosporajz3 GQ342756
CBS 518.71 Lichtheimia hyalospora_c5 GQ342894 GQ342944 GQ342754
CBS 100.28 Lichtheimia hyaiosporajzZ GQ342902 GQ342748
CBS 100.28 Lichtheimia hyalospora_c4 GQ342896 GQ342950 GQ342749
CNM-CM4978 Lichtheimia ornata c2 GQ342892 GQ342727
CNM-CM4978 Lichtheimia ornata c8 GQ342835
CBS 958.68 Lichtheimia ornata c2 GQ342890 GQ342936 GQ342726
CBS 958.68 Lichtheimia ornata c4 GQ342834
CBS 291.66 Lichtheimia ornata c2 GQ342891 GQ342946 GQ342724
CBS 291.66 Lichtheimia ornata c3 GQ342725
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CBS 291.66 Lichtheimia ornata c l GQ342836
CBS 291.66 Lichtheimia ornatajc8 GQ342837
CBS 100.24 Lichtheimia ramosa c3 GQ342876 GQ342941 GQ342814
CBS 100.24 Lichtheimia ramosa c4 GQ342804
CBS 100.49 Lichtheimia ramosa c2 GQ342858 GQ342940 GQ342812
CBS 100.49 Lichtheimia ramosa_c3 GQ342791
CBS 100.55 Lichtheimia ramosa c3 GQ342771
CBS 100.55 Lichtheimia ramosa c3b GQ342851 GQ342938 GQ342766
CBS 101.51 Lichtheimia ramosa c4 GQ342859 GQ342945 GQ342747
CBS 101.51 Lichtheimia ramosa c5 GQ342796
CBS 101.51 Lichtheimia ramosa c l GQ342789
CBS 101.55 Lichtheimia ramosa cl GQ342865 GQ342947 GQ342788
CBS 101.55 Lichtheimia ramosa c2 GQ342731
CBS 124198 Lichtheimia ramosa c2 GQ342848 GQ342906 GQ342838
CBS 124198 Lichtheimia ramosa c6 GQ342841
CBS 124198 Lichtheimia ramosa c l GQ342840
CBS 223.78 Lichtheimia ramosa c l GQ342877 GQ342934 GQ342807
CBS 223.78 Lichtheimia ramosa ss2 c2 GQ342734
CBS 223.78 Lichtheimia ramosa ss2 c6 GQ342739
CBS 223.78 Lichtheimia ramosa ss2 c l GQ342811
CBS 271.65 Lichtheimia ramosa c2 GQ342875 GQ342937 GQ342746
CBS 271.65 Lichtheimia ramosa c3 GQ342740
CBS 271.65 Lichtheimia ramosa c l GQ342805
CBS 271.65 Lichtheimia ramosa c8 GQ342816
CBS 649.78 Lichtheimia ramosa cl GQ342849 GQ342912 GQ342728
CBS 649.78 Lichtheimia ramosa c3 GQ342779
CBS 649.78 Lichtheimia ramosa c4 GQ342781
CBS 713.74 Lichtheimia ramosa cl GQ342856 GQ342935 GQ342797
CBS 713.74 Lichtheimia ramosa c4 GQ342737
CNM-CM2166 Lichtheimia ramosa c2 GQ342863 GQ342926 GQ342798
CNM-CM2166 Lichtheimia ramosa c4 GQ342792
CNM-CM3590 Lichtheimia ramosa c2 GQ342741
CNM-CM3590 Lichtheimia ramosa c4 GQ342786
CNM-CM3590 Lichtheimia ramosa c6 GQ342810
CNM-CM3590 Lichtheimia ramosa c8 GQ342869 GQ342924 GQ342785
CNM-CM3590 Lichtheimia ramosa c8b GQ342744
CNM-CM4119 Lichtheimia ramosa cl GQ342862 GQ342923 GQ342742
CNM-CM4119 Lichtheimia ramosa c2 GQ342793
CNM-CIV14119 Lichtheimia ramosa c4 GQ342803
CNM-CM4228 Lichtheimia ramosa cl GQ342861 GQ342922 GQ342787
CNM-CM4228 Lichtheimia ramosa c2 GQ342794
CNM-CM4228 Lichtheimia ramosa c3 GQ342729
CNM-CM4253 Lichtheimia ramosa c4 GQ342860 GQ342921 GQ342795
CNM-CM4253 Lichtheimia ramosa c6 GQ342733
CNM-CM4253 Lichtheimia ramosa c l GQ342780
CNM-CM4261 Lichtheimia ramosa cl GQ342776
CNM-CM4261 Lichtheimia ramosa c2 GQ342854 GQ342953 GQ342767
CNM-CM4337 Lichtheimia ramosa c4 GQ342852 GQ342920 GQ342765
CNM-CM4427 Lichtheimia ramosa c5 GQ342853 GQ342931 GQ342773
-  188 -
CNM-CM4537 Lichtheimia ramosa c4 GQ342873 GQ342930 GQ342772
CNM-CM4537 Lichtheimia ramosa c6 GQ342777
CNM-CM4849 Lichtheimia ramosa cl GQ342855 GQ342929 GQ342769
CNM-CM4849 Lichtheimia ramosa c2 GQ342868 GQ342952 GQ342778
CNM-CM5111 Lichtheimia ramosa cl GQ342871 GQ342928 GQ342735
CNM-CM5111 Lichtheimia ramosa c3 GQ342743
CNM-CM5111 Lichtheimia ramosa c8 GQ342806
CNM-CM5111 Lichtheimia ramosa ssl c2 GQ342783
CNM-CM5111 Lichtheimia ramosa ssl c5 GQ342784
CNM-CM5111 Lichtheimia ramosa ssl c6 GQ342808
CNM-CM5111 Lichtheimia ramosa ssl c7 GQ342736
CNM-CM5171 Lichtheimia ramosa c2 GQ342864 GQ342927 GQ342732
CNM-CM5171 Lichtheimia ramosa c5 GQ342790
CNM-CM5171 Lichtheimia ramosa c6 GQ342799
CBS 112528 Lichtheimia ramosa cl GQ342850 GQ342913 GQ342813
CBS 112528 Lichtheimia ramosa c3 GQ342764
CBS 124197 Lichtheimia ramosa cl GQ342870 GQ342951 GQ342845
CBS 124197 Lichtheimia ramosa c5 GQ342846
CBS 124197 Lichtheimia ramosa c6 GQ342842
CBS 124197 Lichtheimia ramosa ssl cl GQ342843
CBS 124197 Lichtheimia ramosa ssl c3 GQ342844
CBS 124197 Lichtheimia ramosa ssl c7 GQ342839
CBS 269.65 Lichtheimia ramosa c3 GQ342857 GQ342949 GQ342738
CBS 269.65 Lichtheimia ramosa c6 GQ342802
CBS 269.65 Lichtheimia ramosa _c7 GQ342801
CNM-CM1638 Lichtheimia ramosa c2 GQ342866 GQ342954 GQ342800
CNM-CM1638 Lichtheimia ramosa c3 GQ342730
CNM-CM3148 Lichtheimia ramosa c4 GQ342782
CNM-CM3148 Lichtheimia ramosa c6 GQ342775
CNM-CM3148 Lichtheimia ramosa c8 GQ342872 GQ342925 GQ342768
AS 3.4808 Lichtheimia ramosa cl GQ342867 GQ342955 GQ342770
AS 3.4808 Lichtheimia ramosa c6 GQ342774
CBS 582.65 Lichtheimia ramosa cl GQ342809
CBS 582.65 Lichtheimia ramosa c2 GQ342874 GQ342909 GQ342745
CBS 582.65 Lichtheimia ramosa c5 GQ342815
CBS 103.35 Lichtheimia ramosa c2 GQ342847 GQ342908 GQ342763
CBS 420.70 Lichtheimia sphaerocystis_c^ GQ342761
CBS 420.70 Lichtheimia sphaerocystis c4 GQ342900 GQ342933 GQ342760
CBS 647.78 Lichtheimia sphaerocystis _c1 GQ342899 GQ342911 GQ342757
CBS 647.78 Lichtheimia sphaerocystis _c3 GQ342759
CBS 648.78 Lichtheimia sphaerocystis _c3 GQ342901 GQ342916 GQ342758
CBS 648.78 Lichtheimia sphaerocystis _c7 GQ342762
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Anexo II; Abreviaturas
ADN = DNA Acido desoxiribonucleico
AFST Antifungal Susceptibility Testing
AMB Anfotericina B
AND = ADF Anidulafungina
ARN = RNA Acido ribonucleico
ATCC American Type Culture Collection
BenA (3 tubulina
CAS = CPF Caspofungina
CBS Fungal Biodiversity Centre
CDC Centre for Disease Control and Prevention
CECT Colecciôn Espaftola de Cultives Tipo
CIF = FIC Concentraciôn inhibitoria Fraccionaria {Fractional Concentration Index)
CLSI Clinical Laboratory Standards Institute
CME = MEC Concentraciôn Minima Efectiva {Minimal Effective Concentration)
CM! = MIC Concentraciôn Minima Inhibitoria (Minimal Inhibitory Concentration)
Citocromo C oxidasa mitocondrial subunidad I {Mitochondrial cytochrome c oxidase 
COI subunit I)
DDBJ DNA Databank of Japan
EF-1a Factor de elongaciôn 1 a
EMBL European Molecular Biology Laboratory
EMEA European Medicine Agency
EUCAST European Committee on Antimicrobial Susceptibility Testing
FDA Food and Drug Administration
GCPSR Genealogical Concordance Phylogenetic Species Recognition
IGS Espaciador intergénico {Intergenic Spacer Region)
ITC Itraconazol
ITS Espaciador interne transcrite {Internal transcribed spacer)
LAmB Anfotericina B liposomal (Liposomal Amphotericin B)
LSU Subunidad grande ribosômica {Ribosomal large subunit)
MG = GM Media Geométrica (Geometric Mean)
MICA= MCF Micafungina
mtSSU Subunidad pequeha mitocondrial (mitochondrial ribosomal small subunit)
NCBI National Centre for Biotechnology Information
pb=bp Pares de bases {base pairs)
PCR Reacciôn en cadena de la polimerasa {Polymerase chain reaction)
PSC=POS Posaconazol
RNA polimerasa II segunda subunidad mâs grande {Second largest subunit of the 
RPBII RNA polymerase II)
rRNA RNA ribosômico
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RVZ= RCZ Ravuconazol
SSELO Sequence Specific End Labelling
TRB=TBF Terbinafina
VCZ= VRC Voriconazol
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